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'fiiE present Avork contains, substantially, the Jjeetiires Avhioh 
I delivered, in the spring of 1863, at the Royal College of 
Surgeons of England, in discharge of my duty as Hunterian 
Professor of Com]3arative Anatomy and Physiology to the 
College. I purpose, should I continue to hold that honourable 
office, to publish the substance of subsequent courses in a 
similar manner; and by tliat process to bring out, eventually, 
a comprehensive, though condensed, systematic Avork on Com- 
parative Anatomy. In iiitentioii, therefore, the volume noAv 
before the reader is the first of a series, to bo followed in 
due order by a second, On Man and the other Primates a 
third, on the remaining Mammalia, and so on. Whether this 
intention will ever be fully carried out depends on so many 
contingencies, hoAVOvcr, that I have thought it the better 
course to lot each volume rmnain, in form, independent of 
the rest. 

I have much pleasure in expressing my obligations to the 
President and Council of the Royal College of Surgeons for the 
unrestricted access Avhich I have enjoyed to the abundant 
' anatomical treasures contained in their Museum and its store- 
rooms, to which my Lectures are indebted for many of Hheir 
most instructive illustrations. 
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PREFACE. 


Nor can I conclude without a word of thanks to the young 
artist^ Mr. W. H. Wesley, to whose skill, painstaking, and 
thorough faitlifulness, the excellence of most of those illustra- 
tions is due. It will be understood that, when the contrary is 
not expressly stated, the drawings are original. 

The Lectures differ, by the omission of the inaugural Dis- 
course, which would have been out of place in this volume of 
the work I contemplate ; by additions to others ; and by a 
change of arrangement, from those which were published in 
the Medical Times and Gazette.’' 

^r. II. H. 

London, March 1th, 1804. 
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LECTURES 



ON THE 


ELEMENTS OF COMPARATIVE ANATOMY. 


1.ECTURE L 


ON THE CLASSIFICATION OF ANIMALS. 

THE GREGARINIDA, RHIZOPODA, SPONGIDA, AND INFUSORIA, 

By the classification of any series of objects, is meant the 
actual, or ideal, arrangement togetlier of those which are like 
and the separation of those whicli jire unlike ; the purpose of 
this arrangement being to facilitate the operations of the mind 
in clearly conceiving air^ retaining in the memory, the cha- 
racters of the objects in question. 

Thus, there may be as many classifications of any series of 
natural, or of other, bodies, as they have properties or relations 
to one another, or to other things ; or, again, as there are 
modes in which they may be regarded by the mind : so that, 
A\dth respect to such classification as we are here concerned 
with, it might be more proper to speak of a classification than 
of the classification of the animal kingdom. 

The preparations in the galleries of the Museum of this 
College are arranged upon the basis laid down by John Hunter, 
whose original collection was intended to illustrate the modifica- 
tions which, the great physiological apparatuses undergo in the 

B 
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jmimal series : the classifieatioii wliich he adopted is a classifica- 
tion by organs, and, as sindi, it is admirably adapted to the 
needs of the ('oinparative physiologist. 

But the student of the geographical distribution of animals, 
'rc^rdino: animated creatures, not as diverse modifications of the 
great physiological mechanism, but in relation to one another, 
to plants and to telluric conditions, would, with equal propriety, 
dispose of the contents of a Zoological Museum in a totally 
different manner ; basing his (dassifi cation, not upon organs, but 
on distributional assemblages. And the pure palaeontologist, 
looking at life from yet another distinct point of view, would 
associate animal remains together on neither of these principles, 
but would group them according to the order of their succession 
in Time. 

Again, that classification which I pro})ose to discuss in the 
present Jjectures, is diffei*eut from all of tliese : it is meant to 
subserve tlie comprehension and recollection of the facts of 
animal structure; and, as such, it is based upon purely structural 
considerations, and may be designated a Morphological Classifica- 
tion. I shall have to consider animals, not as pliysiological 
apparatuses merely ; not as related to other forms of life and to 
climatal conditions ; not as successive tenants of the earth ; 
but as fabrics, each of whi(*h is built ujion a certain plan. 

It is possible and conceivable that every animal should have 
been constructed upon a plan of its owm, having no resemblance 
whatsoever to the plan of any other animal. For any reason we 
can discover to the (‘ontrary, that combination of natural forces 
wdiicli we term Life might have resulted from, or been maiii- 
tested by, a series of infinitely diverse structures : nor, indeed, 
wmuld anything in the nature of the case lead us to suspect a 
community of organization between animals so different in 
habit and in appearance as a porpoise and a gazelle, an eagle 
and a crocodile, or a butterfly and a lobster. Had animals been 
thus independently organized, each w^orking out its life by a 
mechanism peculiar to itself, such a classification as that 
which is now under contemplation wmiild obviously bo impossi- 
ble ; a morphological, or structural, classification plainly implying 
morphological, or structural, resemblances in the things classified. 
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As a matter of fact, however, no such mutual independence 
of animal forms exists in nature. On the contrary, the different 
members of the animal Icingdom, from the highest to the 
lowest, are marvellously interconnected. Every animal has a 
something in common with all its fellows : much, with many of 
them ; more, with a few ; and, usually, so much with several, 
that it differs but little from them. 

Now, a mor[)hological classification is a statement of these 
gradations of likeness wliicli are observable in animal structures, 
and Its objects and uses are manifold. In tl)e fi]*st place, it 
strives to throw our knowledge of the facts which underlie, and 
are the cause of, tlie similarities discerned into the fewest possible 
giaieral propositions — subordinated to one aJiother, according to 
their greater or less degree of generality ; and in this way 
it answers the purpose of a memoria teclinica, without which tlie 
mind would be incompetent to gras}) and retain the multifarious 
details of anatomical scieiiee. 

But there is a second and even more important aspect of 
morphological classification. Every group in that classification 
is such in virtue of certain structural cliaracters, which are not 
only common to the Tuembei's of that group, but distinguish it 
from all others ; and tlie statement of these constitutes the defi- 
nition of the group. 

Thus, among animals with vertebrae, the class Mammalia is 
definable as tliose which have two occipital condyles, with a 
well-ossified basi-oceipital ; which have each ramus of the man- 
dible composed of a single piece of })one and articulated with 
the sr|iiamosal element of the skull ; and wliieh possess mammse 
and non-nucleated red blood-corpnscles. 

Bat this statement of the characters of tlie class Mammalia is 
something mo/^c than an arbitrary definition. It does not merely 
mean that naturalists agree to call such and such animals Mam- 
maJia: but it expresses, firstly, a generalization based upon, and 
(‘onstantly verified by, very wide experience ; and, secondly, a 
belief arising out of that generalization, ,Tlm generalization is 
that, in nature, the structures mentioned are always found asso- 
ciated together : the belief is, that they always have been, and 
always will be, found so associated. In other words, the defini- 

\^ 2 



4 * 


ON CLASSIFICATTON. 


tiou of the class Mammalia is a statement of a law of correlation, 
or coexistence, of animal structures, from which the most im- 
portant conclusions are dedncible. 

For example : if a fragmentary fossil be discovered, consisting 
of no more than a I'amns of a mandible and that part of the skull 
with which it articulated, a knowledge of this law may enable 
the palaeontologist to affirm, with groat confidenco, that the 
animal of which it formed a part suckled its young and had 
non-nucleatcd rod blood-corpusch3S ; and to predict that should 
the back part of that skull bo discovered, it will exhibit two 
occipital condyles and a well-ossifi(Ml basi-occipital bone. 

Deductions of this kind, such as that made by Cuvier in the 
famous case of the fossil opossum of Montmartre, have often 
been verified, and are well calculated to impress the vulgar 
imagination ; so tliat they have taken innk as the triumphs of 
the anatomist. Jlut it should carefully bo borne in mind, that, 
like all merely empirical laws, which rest upon a comparatively 
narrow observational basis, the reavsoning from them may at any 
time break down. If Cuvier, for example, had had to do with a 
fossil Thylaeiniis instead of a fossil Opossum, he would not have 
found the marsupial bones, though the indected angle of the jaw 
would have been obvious enough. vVnd so, though, jnnctically, 
any one who met with a characteristically mammalian jaw 
would be justified in expecting to find the characteristically 
mammalian occiput associated with it ; yet, he would bo a bold 
man indeed, who should strictly assert the belief which is im- 
plied in this expectation, viz., that at no period of the world’s 
history did animals exist wliich combined a mammalian occiput 
with a reptilian jaw, or vice versa. 

Not that it is to be su})po8ed that the correlations of struc- 
ture expressed by these empirical laAvs are in any sense acci- 
dental, or other tlian links in the general chain of causes and 
effects. Doubtless there is some very good reason why the 
characteristic occiput of a Mammal should be found in association 
with mammxe and non-nucleated blood-corpuscles ; but it is one 
thing to admit the causal connexion of tlicse phenomena with 
one another, or with some third ; and another thing to affirm 
that we have any knowledge of that causal connexion, or that 
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physiological science, in its present state, furnishes us with any 
means of reasoning from tlic one to tlie other. 

Cuvier, the more servile of whose imitators are fond of citing 
liis mistaken doctrines as to the nature of the methods of paheou- 
tology against the conclusions of logic and of common sense, has 
put this so strongly that I cannot refrain from quoting his words.* 
But I doubt if any one would have divined, if untaught by 
observation, that all ruminants have the foot cleft, and that they 
alone have it. I doubt if any one would have divined that there 
are frontal horns only in this class : that tliose among them 
whicli liave sharp canines for tlie most part laclc Iiorns. 

‘^However, since these relations are constant, they must have 
some suflicient cause ; but since we are ignorant of it, we must 
make good tlie defect of tlie theory by means of observation • 
it enables us to establish empirical laws, which become almost 
as certain as lational laws when they rest on sufficiently re- 
peated observations ; so that now, whoso sees merely the print of 
a cleft foot may conclude tliat the animal wliicli left tliis im- 
pression ruminated, and this conclusion is as certain as any 
other in physics or morals. This foot[)rint alone, then, yields to 
him who observes it, the form of (he teeth, the form of the jaws, 
th() form of tlie vej'tebne, tlie form of all the bones of the legs, of 
the thighs, of the shoulders, and of the pelvis of tlie animal whicdi 
has passed by : it is a surer inark than all tlioso ol‘ Zadig.’' 

Morphological classification, then, acquires its liighest im- 
poitauce as a statement of the empirical laws of the correlation of 
structures; and its value is in proportion to the precision and 
tlie eoTiiproliensivencss with wliich tliose laws, the definitions of 
the groups adopted in the classification, are stated. So that, 
in attempting to arrive at clear notions concerning classification, 
the first point is to ascertain whether any, and if so, what groups 
of animals can be established, the members of whi(ih shall bo at 
once united together and separated from tliose of all other 
groups, by well-defined structural characters. And it will be 
most convcliiient to commence the inquiry witli groups of that 
order which are commonly called Classes, and which are enume- 

* ^ * Otsemons fossiles/ o<]. 1““*, tome 1% j). 10 L 
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r^ted ill mi order and arrangement, the purpose of which will 
appear more fully by and by, in the following table. 


TABLE OF THE CLASSES OF THE 
ANIMAI. KINGDOM. 

T/ie Limits of the Four Guvierian Suh-Kingdoms are indicated 
hy the Brackets and Dotted Line. 

Eaoiata. 


Gregarinida, InfusoruL Seolecida (?). 

; Bhizoj)oda (?). 
Sjoongida. 

Ecliinodermata 


: Annelida. ^ 

Ilydrozoa. 

Crustacea, 

[ Actinozoa, 

. Arachnida. 

: Pohjzoa, 

Myriapoda, 

InsGcta. 

Braehiopoda. 

Ascidioida. 

[ ’ _ Pisces. ^ 

Lamellihranchiata. 

1 Ani])hihia. 

( 

Branehiogasiero^mla. 

Mollusoa. 7, ,.7. 

V liejjul'ia. > 

Pulmogasterojpoda. 

Aves. 

Pteropoda, 

Gephalovoda, 

Maimmlia. , 


I Auticulata. 


'f Vertebrata. 
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It is not necessary for niy purpose that the groups whieli au^ 
naniod on tlio preceding table should be absolutely and precisely 
equivalent one to another ; it is suflficie}it that the sum of them is 
the whole of the Animal Kingdom, and that each of them em- 
braces one of the principal types, or plans of modification, of 
animal form ; so that, if we have a precise knowledge of that 
which constitutes the typical structure of each of these groups, 
we shall have, so far, an exhaustive knowledge of the Animal 
Kingdom. 

I shall endeavour, then, to defiiie — or, where definition is 
not yet possible, to describe a typical example ol^ — these various 
groups. {Subsequently, I shall take up some of those further 
classifieatory questions which are o[m\ to discussion ; inquiring 
how far we can group these classes into larger assemblages, with 
definite and constant characters ; and, on the other hand, how 
far the existing subdivisions of the classes ai*e well based oi* 
otherwise. Hut the essential matter, in tlie first plac(?, is to be 
quite clear about the different classes, and to have a distinct 
knowledge of all the 8har])ly-deiiuable modifications oi‘ animal 
structure which are discernible in the animal kingdom. 

The first class of which I shall speak is the group of the 
Gkeoarinida. These are among the simjdest animal forms of 
which we have any kmjwledge. They are the inhabitants of the 
bodies for the most pail of invertebrate, but also of vertebrate, 
animals; and they are commonly to be found in abundance in 
the alimentary canal of the common cockroach, and in earth- 
worms. They are all microscopic, and any one of them, leaving 
minor niodilications aside, may be sai^ to consist of a sac, com- 
posed of a more or less structureless, not very well-defined mem- 
brane, containing a soft semi-fluid substance, in the midst, or at 
one end, of which lies a deli<*ate vesicle; iit the centre of the 
latter is a more solid particle. (Kig. i, A.) No doubt many 
persons will be struck with the close resemblance of the struc- 
ture of this body to that which is possessed by an ovum. You 
might take the more solid particle to be the representative of 
the germinal s])Ot, and the vesicle to be that of the germinal 
vesicle ; while the semi-fluid sarcodic contents rniglit be re- 
garded as* the yelk, and the outer membrane as the vitelline 
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membraiie. I do not wish to strain the analogy too far, but it 
is, at any rate^ interesting* to observe this close morphological 
resemblance between one of the lowest of animals and that form 
hi which all the higher animals commence their existence. It 
is a very remarkable characteristic of this group, tliat there is 
uo separation of the body into distinct layers, or into cellular 
elements. The Gregarinida are devoid of months and of 
digestive a])paratus, living entirely by imbibition of the juices 


KjV. 1. 



Fig. 1. — A, Grcqarina of tho earthworm (after Lieborkuhn) ; B, eiicpted ; C, I), with 
the contents divided into pseudo-iiavicellT ; E, F, free psendo-navicellai ; O, H, iVoe 
n.m®bifovin contents of the latter. 

of the animal in whose intestine, or body cavity, tliey are con- 
tained. The most, conspicuous of those phenomena, which we 
ordinarily regard as signs of life, which they exlubit, is a certain 
contraction and ex2)ansion along different diameters, the body 
slowly narrowing, and then lengthening, in various directions. 
Under certain circumstances (though the conditions of tlie 
change are not thoroughly understood), it is observed that one of 
these Oregarinida, whatever its form may be, will convert itself 
into a well-rounded sac, the outcj' membrane ceasing to exhibit 
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any longer those movements of which I spoke, and becoming 
coated by a structureless investment, or cyst’’ (Fig. B), 

The substance of the body contained within the cyst next 
undergoes a singular change. The central nucleus and the 
vesicle disappear ; after a time, the mass breaks up into a series 
of rounded portions and, tlien, each of those rounded portions 
elongates, and, becoming slightly pointed at each end, consti- 
tutes a little body which has been called a Pseiido-navicellaJ' 
from its resemblance to the Diatoniaceous Navicula or Navi- 
cella (Fig. 1, 0, D). Next, the capsule bursts and the Pseudo- 
navicellod (Fig. 1, E, F) are scattered and passed out of tlie 
body of the animal which they inhabit. Though, of course, a 
great number of them arc destroyed, some, at any rate, are 
devoured by other animals; and, when that is the case, the little 
particle of protein substance which is inclosed Avithin the 
Pseiido-navicella is set free from its shell, and exhibits much 
more lively movements than before, thrusting out processes in 
various directions, and drawing them in again, and, in fact, closely 
resembling one of those animalcules whicdi have been called 
Amcehfe (Fig. 1, H). ^fhe young Amool)iforin Gregarma grows, 
incD^ases in size, and at length assumes the structure Avhich it 
liad at first. That, in substan(*e, is all that ayo know of this 
lowest division of animal life. But it will be observed, there is 
a hiatus in our knowledg(‘. We cannot say that wo know the 
whole nature and mode of existence of this, or any other animal, 
until we have traced it to its sexual state ; but, at present, we 
know’’ nothing whatever of this condition among the Gregarinw ; 
so that in reasoning about them avo must ahvays exercise a cer- 
tain reticence, not knowing how far we may have to modify our 
opinions by the discovery of the sexual state hereafter. 

The process of becoming encysted, preceded or accompanied 
very often by the mutual apposition of two Gregarinw, was for- 
merly imagined to correspond Avith Avhat is termed among plants 
conjugation,” — a process Avhich in some cases, at any rate, 
a})pears to be of a sexual nature. But ,the discovery that a 
single Gregarina may become encysted and break up into 
Pseudo-navicellse seems to negative this analogy. 

But now, leaving this, I pass on fo the next class — that which 
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is indicated in tlic table as tlie llHf!zoroi>A. 1 Jiavo put a 
query again^ it, as I sliall Jiave to retrTrn'' to it as another of 
those respecting which our knowledge is incomplete. And at 
this moment I merely direct attention to the salient and cha- 
racteristic features of the whole grou]) (Fig. 2). 


Kig. 2. 



Fiif, 2 . — Ay B, Free and encysted conditions oi’ nn Amcba (after Auej’bacli) ; F, a Forii- 

ininifer i^T-totulia) witli extended pseudopodia ; f>, its shelJ in section (after Schulze). 

It seems diflicult to imagine a stage of organization lower 
than tljat of Gregarinida, and yet many of the liJmopoda are 
still simpler. Nor is there any group of the animal kingdom 
which more admirably illustrates a very well-founded doctrine, 
and one which was often advocated by Hunter himself, that life 
is the cause and not the consequence of organization ;^for, in 
these lowest forms of animal life, there is absolutely licithing 
worthy of the hame of organization to be discovered by the micro- 
scopist, though assisted by the beautiful instruments tha# are 
now constructed. In the substance of many of these creatures, 
nothing is to be discerned but a mass of jelly, which might be 
represented by a little jmrticle of thin glue. Not tlmt it corre- 
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speeds with the latter in cbin position, but it has that texture and 
sort of aspect; it is stinictureless and organless, And without 
definitely formed parts. Nevertheless, it possesses all the 
essential^ properties and diaracters of vitality ; it is produced 
from a body like itself ; it is capable of assimilating nourish- 
ment, and of exerting movements. Nay, more, it can produce 
a shell ; a structure, in many cases, of extraordinary complexity 
and most singular beauty (Fig. 2, 1>). 

That this particle of jelly is capable of combining physical 
forces in sucli a manner as to give rise to those exquisite and 
almost mathematically-arranged structures — being itself struc- 
tureless and without permanent distinction or separation of 
parts — is, to my mind, a fact ol the prdlbundest significance. 

Though a llhizopod is not permanently organiaied, however, 
it can hardly be said to be devoid of organs ; for the name of " 
the group is derived froju the power which tliese animals possess 
of throwing out processes of their substance, which are called 
pseiidopodia,” and are sometimes very slender and of great 
length (Fig, 2, E), sometimes broad and lobe-like (Fig. 2, A). 
These processes may flow into one another, so as to form a net- 
work, and tliey may, commonly, be thrust out from any part 
of the body and retracted into it again. 

If you watch one of tliese animals alive, you see it thrusting 
out, first one and then another of its pseudopodia, exhibiting 
changes of form comparable to those wliich the colourless corpus- 
cles of the human blood present. The movements ol‘ tliese Ithizo- 
pods are quite of the same character, only they are much more 
extensive and effect locomotion. The creature also feeds itself 
by means of its pseudopodia, which attach themselves to nutritive 
partiedes, and then draw them into the substance of the body. 
There is neither ingestive nor egestive apertime, neither special 
motor nor prehensile organs, but the pseudopodia perform each 
function as it may be required. 

But here, again, we labour under an imperfection of knowledge. 
For, although it is quite certain that the lllmopoda may multiply 
by division of their substance — in a way somewhat analogous to 
that which I detailed when speaking of the Gregarinida — yet, as 
in that case, we have no knowledge of any true sexual process. It 
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is a most remarkable circumstauce that though these animals are 
abundant, and are constantly under observation, we are still in 
doubt upon that essential point, — still uncertain whether there 
may not be some pliase in the cycle of vital phenomena of the 
Rhizopoda with which we are unacquainted; and, under these 
circumstances, a perfect definition of the class cannot even be 
attem{)ted. 

The next div ision is the group of the Spongida, which exist 
under such multitudinous forms in both salt and fresh waters. 
Up to the last few years we were in the same case, with respect 
to this class, as with the Gregarinidam^a the llhizopoda. Some 
zoologists oven have been anxious to relegate the sponges to the 
vegetable kingdom; but tlio botanists, who understood their 
business, refused to have anything to do with the intruders. 
And the botanists wore' quite right; for the discoveries of late 
years have not left tlio slightest doubt that the sponges are 
animaU^organisnis, and animal organisms, too, of a very con- 
siderable^amouut of complexity, if we may regard as complex 
a structure* whicli results from the building up and massing 
together of a number of similar parts. 

The great majority of the sponges form a skeleton, which is 
composed of fibres of a liorny texture, strengthened by needles; 
or spicula, of silicious, or of calcareous, matter ; and this frame- 
work is so connected together as to form a kind of fibrous 
skeleton. This, Iiowever, is not the essential })art of the animal, 
which is to be sought in tliat gelatinous substance, which invests 
the fibres of the skeleton during life, and is traversed by canals 
which open upon the surface of the sponge, directly or indirectl}^ 
by many minute, and fewer large, apertures. 

If I may reduce a sponge to its simplest expression — taking 
the common SpongiUa, for example, of our fresh waters, "^the 
structure — removing all complexities, and not troubling our- 
selves with the skeleton, because that has nothing to do Avith 
what we are iioav considering — ^inay be represented by tlie 
diagram (A, Fig. 3). "iliero is a thin superficial laver (a) 
formed entirely of a number of the so-called spotige particle's, or 
ultimate comjX)nents of the living substance of the sponge, each 
of which is similaigto an Amocla, and contains a nucleus. These 



GnEOAHlNIDA, RHIZOPODA, SPONOIDA, AND TNFUSOItlA. 13 


Fis. :i. 



Fig. 3. — A, Uypofchetal section ot a flpotufiUa ; a, sui^eificial layer; 6, inhalent aper- 
tures ; (?, ciliated chambers ; 0, an exhalent aperture ; deeper substjinco of tho 

sponge. The arrows indicate the direction of tho currents. B, A smal] sponge with 
a single exhalent aperture, seen from abov'e (after Lieberkuhn) ; «, inhalent apertures ; 
c, ciliated chambers ; d, exhalent aperture. C, a ciliated cli.amber. l.)» a freo- 
swimming ciliated embryo. 
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are all conjoined in a single layer, as to form a continuous 
lamellar membrane, which constltiitgs the outer and su])erfleial 
layer of tlie body. Beneatfi this is^ a wide cavity, communi- 
cating with the exterior by means of minute holes in the super- 
ficial layer (7;), and, of course, filled with wat&. The cavity 
separates the superficial layer of thg sponge fi'bm its deepej* 
substance, which is of the same charactei’ as the^superilcial layer, 
being madeu}) of a number, of aggregated spdtige particles, each 
of which lias a nucleus and is comjietent to thro^v out numerous 
pseiidopodial prolongations if dctaclfed^^ While tlic living sponge 
is contained in wateiya great number of currents of water set in 
to the wide cavity benoatli a, a, through the minute apertures 
(fc), which have thence been termed “ iulialeiit/’ 

In tho floor of the cavity, there are a number of apertures 
wliich lead into canals ramifying in the det^i layer, and eventu- 
ally ending in the iloors of certain comparatively lofty funnels, or 
craters. The top of each of these presents one of those larger 
and less numerous apertures, Avhich have been referred to as 
existing on the surface of the sponge, and wliich are fitly termed 
exliideiit ” apertures. For, as J)r. Grant discovered, many years 
ago, strong, though minute, currents of water are . constantly 
flowing out of these large apertures ; being fed by the currents 
which as constantly sot in, by tlic small ai)ertiires and tbroligb 
the superficial cavity, into the eaiials of the deejier substance. 
The cause of this very singular system of currents remained for 
a long time unknown. It was rendered intelligible l>y Dr. 
Tlowerbank’s discovery of llie existence of vibratilc 4dlia in tho 
genus Grantia, but it is oidy quite recently that the precise 
nature of the arrangement of the apparatus wliich gives rise to 
those currents in ofdinaiy sponges, has been made out by 
Lieberkuliii and by Carter. 44ie canals whicli enter tlie deep 
substance of the sponge become dilated into spheroidal chambers, 
lined with sponge particles (Fig. 3, A, c, C), each of which is 
provided with a vibratile ciliuiii ; and as all these cilia work 
in one direction — towards the crater — they sweep tho water out 
in that direction, and its place is takmi by fresh water, which 
flows in thrcNigh the small a[)ertures and through the super- 
ficial charnher. The currents of water carry along sucli mat- 
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tors as are suspended in Jthem, and these are appropriated by 
the sponge particles lining^ tli6r passages, in just the same way 
as any one of the Blihopoda appropriates the particles of food 
it finds in the water about itself. So that we must not (‘ompare 
this system of apertures and canals to so many mouths and 
Intestines ; but the sponge re])resonts a kind of subaqueous city, 
where the people are ar-raUged about the streets and itJads, in 
such a manner, that each van easily appropriate his food from 
the water as it passes along, *. 

In the sponges two repYOductire processes are known to 
occur : the one of them, asa«nal, corresjionding with the en- 
cysting process of the Grejjarinida ; and the otlrer, truly sc^xual, 
and answering to tlie congress of the male and female elements 
in the higher animals. In the Common fresh-water Spongilla, 
towards the autumn, the deeper layer of the sponge biKtomes full 
of exceedingly small bodies, sometimes called ‘^seeds’’ or “ gem- 
mules,” wliich are sjihcroidal, and have, at one point, an open- 
ing. Every one of those bags — in the walls of which are ar- 
ranged a great number of very singular spicula, each resembling 
two toothed wheels joined by an axle — is, in point of fiict, a mass 
of sponge particles which has set itself apart — gone into winter 
quarters, so to S])eak — and becoming quite quiescent, encysts 
itself and remains still. Hie whole Sjyongilla dies down, and 
the seeds, inclosed in their case, n main uninjured through the 
winter. When the spring arrives, the encysted masses within 
the ^'sced,” stimulated by the altered tenqierature of tlie water, 
creep out of their jicsts, and straiglitway gi’ow up into SpongiUie 
like that from which they proceeded. 

But there is, in addition, a true saxual process, which goes 
on during the summer months. Individual sponge particles 
become quiescent, and take on the cliaraotor of ova ; while, in 
other parts, particular sponge particles till with granules, the 
latter eventually becoming converted into spermatozoa. 

These sacs burst and some of the spermatozoa, (‘omiug into 
contact with the ova, impregnate them. TJie ova develop and 
grow into ciliated germs (1), fig. 3), which make their way out, 
and, after swimming about for a while, settle tli^nselves down 
and grow^ up into SpongiUie., 
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Now that we knowtlie whole cycle of tlu^ life of the sponges, 
and the characters which may be demonstrated to be common 
^to the whole of this important and remarkable class, I do not 
think any one who is acquainted with the orffanization or the 
functions of plants, will be inclined to admit that the Si^ongida 
have the slightest real affinity with any division of the vegetable 
kingdom. 

The next group to lie considered is the division of the Infu- 
soria; and here, again, within the last few years, ])rodigious 
strides have been made in our knowledge of the subject. Al- 
though the Inf usoria have been favourite studies for many years, 
still it is only quite recently that the cycle of life of these animals 
has beto made almost completely known, and that we have become 
acquainted with tlie true sexual process as it occurs in them. 


Vv^. 4 . 

A B V 



Fig. 4 . — Faramcccidin hursaria (n.fter Stein) : A, I’iie animal v’iewod from the dorsal side ; 
a, (?o]tical Inyer of the body ; h, “ iincleus o, coiiti’actilc chamber; d d\ matters 
taken in as food ; c, chlorophyll granules. 

B, The animal viewed from the ventral side ; a, depression leading to h, mouth ; 
C, gullet; d, “ nucleus;’* d', “nucleolus;” e, central sarcode. Jri both these figures 
tlie arrows indicate the direction of the cirgulatioii of the sarcode. 

C, Paramcccinm. dividing transvoi’sely ; « a*, contractile spaces; h h' , “nucleus** 
dividing; c r', “nucleoli.** 


The difi’erent species of the genus Paramcecium are very 
common among the microscopic inhabitants of our fresh waters, 
swimming about by means of the vibratile cilia with which the 
whole surface of their bodies is covered ; and the structure wkich 
essentially characterises these animals is probably that which is 
common to the whole of the Infusoria, so that an account of the 
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leading striictnral features of Pai-amceciu^ is, in effect, a 
definition of those of tlic group. 

Imagine a delicate, slif)per-sliaped body inclosed within a 
structureless ineniljrane, or cuticula, wliicli is formed aS an excre- 
tion upon its outeu* surface. At one point (Fig. 4, 11 a) the body 
c^xliibits a slight de] session, leading intS a sort of little funnel 
Q) c) coated by a (‘ontinuatioh of tlie same cutieular investment, 
whicli stops short at the bottom of the iunnel. The wliole of the 
bag formed by tlie cuticiila is lined by a soil layer of gelatinous 
m alter, or sarcode,” which is (*alled the ‘‘cortical” layer 
(Fig. 4, A a) ; while inside that, and passing into it quite gradu- 
ally, there being no sharp line of demar(*ation betwtien the two, 
is a S(mii-fluid substance, which occupies the whole Df the 
central region of the body. Neither in the cuticle, the corti(*al 
layer, nor the central substance, has any anatomist yet dis- 
covered a differentiation into cellular layers, nor any trace of 
that histological composition which we meet with in tlie tissues 
of the higher animals ; so that here is another case of (*omplex 
vital phenomena proceeding from a substance which, in a histo- 
hygieal sense, is structureless. 

At two points of the body (Fig. 4, A e e) tlie substance 
of the cortical layer exhibits a remarkable power of contrac- 
tion and dilatation. If you watch one of those j3oints, the 
sarcode suddenly seems to open like a window and, for a 
while, a clear space is visible, which then, quite suddenly, shuts 
again. After a little time the same diastole and systole are 
repeated. As tlie systole takes place, it is possible, occasionally, 
to discern certain radiating canals, which extend from the 
cavities into the surrounding sarcode, and disappear again 
before diastole occurs. There is no doubt tliat the clear space 
is a chamber filled with fluid in the cortical layer, and since 
good observers maintain that there is an aperture of communi(*a- 
tion, through the cuticula, between tlie 'contractile chamber’ 
and the exterior, this fluid can be little more than water. Fer- 
liaf)s the whole should be regarded as a respiratory or secretory 
mechanism : in one shape or another, it is eminently charac- 
teriistic of the Ifi/usoria, Besides tliis singular apparatus, there 
lies embedded in another part of the cortical layer a solid mass, 
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of an elongated oval shape (Fig*. 4, A 1> d), whicli has b(‘eii 
called the iineleus/’ thoiigli it must be carefully distiuguLslied 
from the ^‘nucleus” of a cell. Upon Olio side of this, and, as it 
were, stuck on to it, is a little rounded body (Fig. 4, 11 d’), 
which has received tlie name of the nucleolus.” The animal 
swims about, driven by the vibration of its cilia, and whatever 
nutriment may be floating in tlio water is ap])ropriated by 
means of the current whi(*h is caused to set continually into the 
short gullet by the cilia which line that tube. 

Ihit it is a singular circumstance that these animals have an 
alimentary canal consisting of a mere gullet, open at the bottom, 
and leading into no stonmeh or intc^stine, but opening directly 
into the soft central mass of sarcodo. The nutritious matters 
jnissing down the gullet, and thcji into the central more fluid sub- 
stance, become surrounded by spheroids of clear liquid (Fig. 4, 
AeZ), consisting ap})artmtly of the water swallowed with them, so 
that a well-fed Paramoecium exhibits a number of cavities, each 
containing a little mass of nutritious [)artic1es. lienee formerly 
arose the notio]i that these animals possess a number of stomachs. 
Jt was not unnaturally imagined that each of the cavities in 
question wns a distinct stomach ; but it lias since been dis- 
co^^ored that tlie outer layer of the sarcodo is, by means of some 
unknown mechanism, kejit in a state of (Muistant rotation ; so 
that the supjiosed stomachs may be seen to undergo a regular 
circulation np one side of tlie body and down the other. And 
this circumstance, if tliere wore no other arguments on the same 
side, is sufficient to negative the su])position that the food- 
containing spaces are stomachs; for it is imjKissible to imagine 
any kind of anatomical arrangement which shall permit true 
dilatations of an alimentary canal to rotate in any sncli manner. 
Ffce^d matters are extruded from an anus, which is situated not 
far from the mouth, but is invisible when not in use. It is an 
interesting and important character of the Infusoria, in general,’ 
that, under some circumstances, they become quiescent and 
throw out a structureless cyst around their bodies. The Infu- 
soriiim then not nnfrequently divides and subdivides, and, the 
cyst bursting, giv^s rise td-a number of separate Infusoria. 

'I'lie remarkable powers of nuiltiplication by lission and 
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geniiiuitiou wliicli many of tlio ^Toiip exhibit are well known; 
but within the last few years the investigations of Miiller, 
Balbiani, Stein, and ofliers, have shown that these minute 
ereatures possess a true process of sexual multiplication, and 
tliat tile sexual organs are those which have been denominated 
'nucleus’' and ‘'nucleolus.” The nucleus is the true ovary — 
the nucleolus, the testis, in Paramaxmim. At particular times, 
the latter increases very iniudi in size, and its substance is 
broken up into roddike bodies, which re[)resent spermatozoa. 
Two Infusoria, in this condition, become conjoined, and the 
nucleolus (now converted into a spermatic, capside) of each passes 
ijito the body of th(^ other. Idle sjiermatic filaments are said to 
enter the nucleus, which then enlarges, and either divides into, 
or gives off, a number of rounded germs, which become oval 
ciliated bodi(‘S ju’ovided with long jirocivsscs. Thc^se make their 
way out of the body, and, it is believed, are metamorphosed 
directly into young Faramoecia. Jhit, |)crliaps, furtheu* informa- 
tion is recpiired before we can be cjiiite certain on this point. 
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LECTUKE II. 

ON THE CLASSIFICATION OF ANIMALS. 

Till: IlVDJiOZOA, ACriNTOZOA, rOI.YZijA, imACHIOPODA, ASOI- 
DiOIDA, LAMl':LLnUiANCHrATA, BUANOHIOGAHTKKOrODA, 
riJJAlOGASTPUOPODA, rTEROPODA, AND OEPtfAI A)PODA. 

In giving an accoiuit of tlic loweyt forms of animal life in tlm 
preceding Lectun^, I liavc snbstitnted for a definition of cadi 
class, a description of the structure of some particular member 
of that class, or of the organic features wliich are most obviously 
characteristic of tlie class ; because, in hardly any of those groups 
has the structure of many, and widely different, members 
been thoroughly and exhaustively worked out. 

I entertain little doubt, however, that the main features of 
the deseri|.)tion of SpongiJla miglit substantially be taken as a 
definition of the Spongida, and those of the description of Para- 
nurcium, as a definition of the Infusoria, On the other hand, 
we possess no such complete knowledge of the vital cycle of 
any Gregarina or Phizopod ; and neither description nor defini- 
tion of the corresponding classes, of a thoroughly satisfactory 
kind, is attainable. 

No such (lihieirities beset us in studying the next class, tlie 
IIydkozoa (comprising the Hydroid polypes and the Medusid), 
which may be defined with as mucli precision as any group in 
the Animal Kingdom, 

All the Ilydrozoa exhibit a definite histological structure, 
their tissues primarily presenting that kind of organization 
which has been called cellular. Again, the body always ex- 
hibits a S0{)aration into at least Iavo distinct layers of tissue — 
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an outer and an inner — which have been termed, respectively, 
eetoderm and endoderm. The endodenn is that layer wlnc^h 
lines tlie injier cavities of the body, from the mouth inwards; 
the ectoderm is that which forms its external covering. 

These two layers arc shown in the ac(‘ompanyitig diagram- 


r>. 



Fig. 5. — Diairniins illustrative of tlic lYiutual relations ot the Tfydrozoa^:^\, Jfifdra. 
2. Sertulaiian. .‘3. J^iphyes. 4. niysophorid. Eetooyst. ^ Endo- 

eyst. c. Their enclosed cavity. 

P. Tentacles. N. Natatorial organ, T. CaniOvSarc. B.' Bract. Cidl. S. 
P;'ly})ite or digestive cavity. O. Keprod active organ. A. Air vesicle. Float. 

I., H., 111., I\^. represent the successive stages ot development of a Medusiform 
zooid or reproductive organ. 

* 

matic sections of the leading forms of Ilydrozoa, the ectoderm 
being represented by the thkj line with the adjacent clear 
space, the endoderm by the thick darlc line. ^ 
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A tliird distinctive cliaractci' of the Ilydrozoa is, that the 
digostiv(3 cavity conimiinicatcs directly, by a wide aperture, with 
the general cavity of the body ; the one, in fa(‘t, passing by 
direct continuity into the other. Furtliermore, the digestive 
sac is not in any way included in the substance of the rest of 
tlic body, but stands <ait indejiendently, so tliat the outer wall 
of the digestive cavity is in dire(*t contact with the water in 
which the animal lives, and there is no perivisceral chamber, 
^fhe like is true of the n^ju'oductive organs, whi(*h may vary 
very much in form, but have the common peculiarity of being 
developed as outward processes of the body wall, so that their 
external surfaces arc directly in contact with the surrounding 
medium. 

No nervous system has yet been discovered in any of these 
animals. 'I’lio majority of them seize tlnar pr(w by means of 
tentacula dev(^lo{)ed either around the mouth, or from the walls 
of the digestive cavity, or from the body vail ; and these tenta- 
cles, as well as other parts of the body, are provided with 
those peculiar weapons of offence whielj liave l)ecn termed 
thnaid-cells.” 

Tlie class of the Actinozoa contains tliose animals which are 
fiimiliar to us as Sea-anemones and t'Onil-polypes, l)y the latter 
of which, in many pai’ts of tln^ w^orld, those huge reefs, which arc 
so well known to navigators, are constructed. It embraces tho 
Sea-pens and th(^ Red coral, and those creatures wliioh are 
knoW'U to us undoj’ the names of Rcrec, Cydippe, Fleurdbrachia^ 
&c., transparent, beautifully symmetrical, free-swimming ani- 
mals, provided wdth eight rows of longitudinally-disposed large 
cilia. In all these animals we find a great uniformity of struc- 
ture, and their plan of construction is quite as readily defiUtablc 
as that of the preceding class, witli Avhich they exhibit a close 
affinity. Like the majority of tln‘ Ilydrozoa, most Adinozoa 
have their, mouths surrounded by tentacles ; and there is the 
same primary distinction of the body into two cellular layers — 
the ectoderm and the endoderm — though, in the adult forms of 
the more highly orgauized Adinozoa, these primitive layers be- 
come further differentiated into bundles of definitely disposed 
muscular fibres, and even into nerves and ganglia. 
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As ill the Hydroma, again, tho alimentary canal communi- 
cates freely, and by a wide aperture, w ith the general cavity of the 
l)ody ; but the wdiole of the Actinozoa, polype-like as they are in 
external aj>[)earane(^, differ from the Ilydrozoa by a very im- 
portant further progress toAvards complexity. We found tliat in 
the Hydrozoa the digestive cavity was completely outside the 
general (*avity of tlie body, the digestive portion of the organism 
being continued into, and not in any Avay contained within, the 
part Avliieh contains the general cavity. But if you make a 
vertical section of a sea anemone (Fig*. 6), you will iind that 
the alimentary cavity — as freely open at the bottom as in the 
Ilydrozoa — is enclosed Avithin a part of the body Avhich contains 
a iirolongation of the general (*avity. If you could suppose the 
stomach of a Ilydrozoon thrust into that part of the body Avitli 
Avhich it is continuous, so that the Avails of the body should rise 
round it and form a sort of outside case, containing a prolon- 
gation of the g(meral cavity, the Hydrozoon Avould be converted' 
into an AcUnozoon, 

Fisj,-. (). 



Fig;. *3. — Perpen<li(Milar section of Acti'niti hoUottca (utter Frey and I.euckart) ; a, mouth ; 
‘’ll cavity ; c, common (;;i\Tty; intermesenteric chambers; cord con- 
taining thread-cells at the edge ; /, the nvsent.ory ; r/, reproductive organ ; h, tentacle. 

Tlifi prolongation of the general cavity thus produced, 
wbicli, as it siirromuls the chief visens, may bo termed the 
“ perivisceral cavity ” (d), receives the products of digestion 
mixed with mucih sca-watcr ; and the nutritive fluid, which fills 
the perivisceral cavity and its ramifications, plays the same part 
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as the blood of the more highly organized animals. The gastric 
chamber of the Actmozoa does not lie free in the interior of the 
body^, but is connected to the sides of it by means of mem- 
branous partitions, the so-called “mesenteries” (/), which pass 
radially from the stomaeirto the side walls of the body, and so 
divide the “perivisceral cavity ” into a number of chambers, 
Avhich communicate with tlie bases of the tentacles. In the 
whole of the Ilydrozoa the reprodnetive organs were attaclied to 
the exterior of tlu^ body, and projected from it. In the wliole 
of the Aciinozoa, on the otlier liand, the reproductive organs 
(of whicli both sexes are frequently combined in the same indi- 
vidual) are internal, inasmuch as they are situated in the 
substance of the mesenteries (g). 

Thesis are the universal and distinctive characters of the 
Actinozoa, That some are simple and some are compound 
organisms ; that some arc fixed and some free swimmers ; that 
many are soft, while a great number are provided with very 
dense skeletons ; that some possess a rudimentary nervous 
system, while the majority have as yet afforded no trace of any 
such structure, are secondary circumstances in no way affecting 
the problem before us, which is, to find a diagnostic definition of 
the group. 

Notwithstanding'the invariably minute size of the organisms 
which constitute the next class on the list — the Polyzoa— they 
exhibit a very groat advance in complexity of structure. In 
such a compound Vohjzoon as the Sea-mat, or F/ustra, the entire 
surfoce of the foliaceous expansion, on being examined by the 
microscope, will be found to bo beset with an infinitude of 
minute apertures leading into little chambers, out of each of 
which, when the animal was living and active, multitudes of 
little creatures might bo seen j)roti*uding the oral extremities 
of their bodies. The ends of the branches of tlie freshwater 
genus PlumateUa, represented in Fig. C, present a similar spec-' 
tacle. Each mouth is surrounded by a circlet of tentacles ; and, 
as every tentacle is fringed with long and active vibratile cilia, 
lashing the water towards the mouth, hundreds and tliousands 
of little Maelstroms are created, each tending to suck down 
such nutritious bodies, living or dead, as come within its range. 
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The mouth (Fig. 8) leads iuto a long and wide pharyngeal 
and oesophageal tube, vvliicli opens, below, in%> a definite stomach. 
From tin's is continued a distinct intestin(% which bends upon 
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Fig. 7 . — Plnmfdella rrpnis^ fresh watcM- P<ilyzcon, (after Allman). 

itself towards the oral end of the body, so as to Ibrm a sharp 
angle, and then tonuinates upon the outer surface near the 
mouth ; so that we have here, for the first time in our as(‘end- 
ing survey of the Animal Kingdom, an animal- possessing a 
complete intestine, not only structurally separated from the 
general siibstain^o of the body, and provided with permanent 
apertures, as in the Hydrozoa and Adinozoa, but complolely 
shut off from the perivisceral cavity, and in direct communica- 
tion only with the external medium. All the PolyzoLi possess 
a nervous system, the characters and position of which are 
very well defined. It consists of a single ganglion (Fig. 8, w\ 
placed between the oral and the anal apertures, and sending 
off nerves in various directions. It has been affirmed that, 
in some Polyzoa, there is a more extended Systran of nerves by 
which the various zooids of the compound organism ai’c placed 
in communication; but of that we want further evidence. In 
these animals no heart has been discoviTcd as yet, the matters 
which result from digestion percolating through the walls of the 
intestine, and becoming mixed with the perivisceral fluid. One 
of the structural characters Avhich I have mentioned is exceed- 
ingly important. As I have said, the intestine is not straight, 
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but is bent upon itself (Fig. 8), and the direction of flexure is 
sucli that the nervous ganglion, which corresponds with those 
called pedal” in Lamellihranchiata, is placed in the re-entcrhig 
angle between the gullet and the rectum. Tn order to express 


Fi--. S. 



Fig. 8. — PbiriKtti’Ua r(‘pens, a single cpll inoj-e inagniliod ; m, calyx at tlio. base ol‘ tiic 
ciliate«i tciitacula bonie by the <lisk or lophoj>lior(; ; /j, gullet; // //, stomadi ; A, in- 
testine; i, anus; v\ nervous ganglion Oifter Allnum). 


tliis relation of the nervous system to the alimentary canal, the 
hexure of the latt(*r has been called “neural” — tlie side of the 
body on wliich the printdpal ganglion is [tlaced, and towards 
which the intestine is bent, being the “ neural ” side. Whatever 
our terminology, liowcver, the great point is to remember that 
the structural relation wliich it expresses is constant tliroughout 
the Polyzoa, 

In the next division, tlie J)PtACHioiH)DA, which are animals 
differing very much in external ajipearance from the Pohjzoay 
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wc sliall find, nevortholess, a singular fnnd.-nnental rosemblaiu'o 
oC internal structure to the hitter. All Icnown Pohjzoa are poin- 
j)ormd animals, tliat is to say, the product of every ovum gives 
rise, by gemmation, to great assemblages of ])artially iiidejieu- 
deiit organisms, or zooids. The Brachiopoda, on the contrary, 
are all simple, the product of each ovum not giving rise to others 
by gemmation. All the Brachlopoda possess a bivalve sliell — a 
shell composed of two, more or less horny, or calcified, pieces, 
wdiich are capable of a certain range of motion on one anothej’, 
and are very commonly articnlafed together by teeth and sockets. 
The proper body, wiu’ch is small when comjiared with the 
size of the sh(dl, has its dorsal integument prodnci'd into broad 
membranous expansions, which lino the interior of the valves of 
the shell, and an^ called the lobes of the mantle, or “pallium.'’ 
The aperture of the mouth is situahal in the middle line, between 
the paJlial lobes, and, on each side of it, is a ]ong(?r or shorter 
])rolongation of the body, provided with ciliated tentacula. It 
is from tlic presence of these “ arms ” that the class has rcceivc'd 
its nanie. The tentacula to oral disk of a PlumafeUa is already 
horse-shoe shaped (Figs, 7 and 8) ; suppose eacli crus of the 
horse-slioe to be pulled out to a much greater length, and 
tentaculated “arms” Avould be imxhuMMl, closely rc'sembling 
those of the Braehiopoda. 

The mouth leads into a gulhd which is dii’ccted towards, or 
lies along, that side of the body frojii ANhich one lobe of the 
mantle, the anterior, is continued; the gullet opens into a 
stomach, provided AA'ith a av( ‘Undeveloped liv(a’; and from the 
stomach, an intestine proceeds, which is directed toAvards, or 
along, that side of the body from whidi the other lobe of the 
mantle proceeds ; and then either, as 1 pointed out some years 
ago,* ends, blindly, in the middle line (Fig. b), or else ter- 
minates in a distinct anus between the pallia! khes. 

* Pi’or'.ssor Owcni, in ihv- Rccoud edition of Ids Icrturcs on the “ Ooiupnrativc 
Aiifdoiny uiid Physiology of the Invortfhndo Animals,” pnhlishod in ISdn, tlunight 
it luX mibocoming’ to snrer at tUis disnovory. “ Tlion'inay bo blindness somewlioro, 
but I ihinlv not at tlio tennination of the int.estinn of TvrehtxdulaT — L. c., p. 403. 
As luy statoiuoiits have siibscqtiontly been ftdly borne out by Mr. Albany Hancock 
and by M;. LacaZ(i Dntbiors- two of tb(; best nnrinto anatomists of the day—T tmst 
Mr. C)w(;n is now fully sfd.isfiod as to wbon* tbo “ blimliu'ss” really was, in 183.^. 
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The principal ganglionic mass is situated behind and below 
the mouth, in the re-entering angle between the gullet and the 
rectum ; in other words, the intestine lias, as in the Pol^zoa, a 
neural flexure (Fig. fl). In all Brachixrpoda which haA^e been 



carefully dissected, a singular system of cavities and canals situ- 
ated in the interior of the body, but in free communication with 
the surrounding medium, has been discovered. Tliis, which I 
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nliall term the “ atrial ” system, from its eloso correspondence 
with the system of cavities, which Ijas received the same name 
in the Ascidians, has been wrongfully regarded as a part of the 
true vascular system, and the organs by which it is placed in 
communication with the exterior have been described as 
hearts.” There are sometimes two and sometimes four of 
these pseudo-hearts ” situated in that part of the body wall 
which helps to bound the pallial chamber. Each pseudo-heart 
is divided into a naiTow, elongated, external portion (tlie so- 
called ventricle ”), which communicates, as Mr. Francock has 
proved, by a small apical aperture with the pallial cavity ; and 
a broad, funnel-shaped inner division (the so-called ‘•auricle’'), 
communicating, on the one hand, by a coiistricted neck with the 
so-ctalbnl “ ventricle and, on the other, l)y a wide, patent mouth, 
with a chambei’ which occupies most of the cavity of the body 
pi’oper, and sends more or loss branched diverticula into the 
pallial lobes. These liave been deseribpd as parts of tlui blood 
vascular system : and arterial trunks, which liave no existence, 
have been imagined to (connect the apices of tlie ventricles with 
vascular networks of a similarly inythical cbaract(T, supposed 
to open into the branc*hcd diverticula. 

In fact, as Mr. Hancock has so well shown in his S[)lendid 
and. exhaustive memoir, published in tla^ Philosojphical Trans- 
actions for 1857, the true vasiudar system is completely distinct 
from this reinarkablo serious of “atrial” chambers and canals, 
the function of which wordd ap})ear to be to convey away cxci*e- 
tory matters and the products of the reproductive organs, which 
are developed in vailous parts of the walls of the atrial system. 

The precdsc characters of the true vascular system of the 
Braehiojyoda probably recpiire still furtluu’ elaboration than they 
have yet received ; and the same may be said, notwithstanding 
tln 3 valuable contributions of F. Muller and of Lacaze Duthiers, 
of their development ; but the shell, the pallial lobes, the in- 
testine, and the nervous and the atrial systems, afford characters 
amply sufiicient to define the class. 

The next great division is that of the Ascjdioida, which, like 
the Bracliiopoda^ are marine animals, and are very common all 
over the world; the more ordinary forms of them being always 
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easily recognisable by tlie circamstauce tbut tlieir external inte- 
gument is provided with two prominent, adjacent a})ertures, so 
that tlu'y look very much like double-necked jars (Fig. 10). At 
iirst sight you miglit liardly suspect the 
animal nature of one of these singular or- 
ganisms, when fresldy taloui from tlie sea ; 
but if you toucli it, tlie stream of watcj’ which 
it scpiirts out of eacli aperture I’eveals the 
exist(aice of a great contj*actiIe pou or witliin ; 
and flissection ])roves that this power is 
exerted by an organism of a very consider- 
able d(‘gi’e(i of complexity. Of the two aper- 
tures, tlie one wliicli serves as a mouth is 
often — but not always — surrounded by a 
circlet of tentaedes (Fig. 11, c). Jt invariai)ly 
hi—FhaUus^a men- exceedingly dilated pliarynx, 

apoitnie; i>a.sr . of tlie sidcs of wlii(*lj uro, moro or less exten- 
.itLichnuMit. siv(dy, perforated. The gullet comes off 

from tlie end of tlie [iharynx, and then dilates into the 
stomach, from whicli an intestimi, usually of considerable 
length, is eontinued to the anal aperture. The latter is almost 
always situatcai witliin a chamber, which opens, externally, hy 
that second aperture ujkui tlie exterior of tlu) tost, to whicdi I 
referred just now. J^'iirthermun^, in all Ase.idiaiis winch I hav(i 
examined, tlie first bend of tlie intestine lakes place in sucli a 
manner tliat, if the intestine ('ontinuod to jirosei-ve the sann^ 
direction, it would end on the opposite side of the mouth to the 
nervous ganglion (Fig. FI); in other words, the nervous gan- 
glion would not be situated in the re-entering angle between tlie 
gullet and the n.^ctnni, but on the opposite side of the gullet to 
that angl(*. Tlierefore, the flexure of the intestine is not neural, 
as in tlie Polyzoa ; hut as, on the contrary, tlie intestine is 
jjrimarily bent towards the heai't side of the body, its flexure may 
be termed lucmal.” And this luemal flexure of the intestine 
ill the Ascidians thus constitutes an important element in the 
definition of the class. 

In these animals there is an atrial system, the development 
of which is (Wcii more' extraordinary than in the Polyzoa. The 


Fig. 10. 
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second aperture to whicli T liave referred (fc, Figs. 10 and 11) is 
eon tinned into a large cavity, lined by ^ 


a membrane, wbieli is reflected, lilvo a 
serous sa(*, on the viscera, and consti- 
tutes wliat is called tin? third tunic,” 
or “ peritoneum.” From the chandler 
wliicli lies immediately within the 
second aperture (k, Fig. 11) it is re- 
llected ovei- botli sides of the phjirynx, 
extending, tow^ards its dorsal part, vany 
nearly as far as that stnudnre w]ii(*Ji 
has been termed the ‘‘ (aidostyh^ ” 
(m, Fig. 11). It tlam passes from the 
sides of the pharynx to the l)ody walls, 
on wliich th(^ right and left lamella) 
bcicome continuous, so as to form the 
lining of the (‘hainber (A*), into wdiich 
the second aperture (b) loads, or tlio 
atriaF-chainber.” l^osteriorly, or at 
the opposite end of the atrial chand)er 
to its aperture, its lining membrane 
(the atrial tuni(* ”) is reflected to a 
greater or less c*xtent ov<.‘r the intes- 
tine and circulatory organs, some- 
times inclosing each of their parts 
in distinct plications (as in the genus 
Pliallusia), souK'times merely passing 
over them, and limiting the blood 
sinus in which they are contained 
(as ill CJavelina, &c.). Where tlie 
atrial tunic is reflected over the sides 
of the pharynx, the two enter into 
more or less close union, and the snr- 
hiees of contact become jierforated by 
larger or smaller, more or less nume- 
rous, apertures. Thus the cavity of 
the pharynx acquires" a free commu- 
nication with that of the atrium ; and, 


a 



of the animal drawn than 
would bo soon in a lon^i- 
tinlinal section, (t, oral aper- 
ture ; 6, atrial aperture ; c, 
circlet of tentacles; (/, ]>ha- 
ryngeal, or branchial, sac: the 
three lows of apertiii’es in its 
upjier paid indicate, but do riot 
1 'eprc‘sent, the pharyngo-atrial 
apertuies; c, tlie laugucts : a 
series of toiigiie-sliaped pro- 
ces.ses wliich project into the 
hralichial sac ; /, msophageal 
opening ; r/, stomach ; h, in- 
testine performing its Ineiiinl 
ilexure ; i, anus ; 4', atrium ; 

ganglion ; ni, endostyle j iiy 
iicaid. 
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as the margins of the pluxryngo-atrial apertures are fringed Avith 
cilia, working towards the interior of the body, a (mn’ent is 
produced, Avhicdi sets in at tlie oral aperture, and out by the 
atrial opening, and maybe readily observed in a living Ascidian. 

The Ascidiaiis possess a distinct heart, but of a very simple 
construction, seeing that it is merely an incoinjilete muscular 
tube, open at eacli end, and devoid of valves, runctionally, it 
is not less remarkable than stru(durally ; for, in the great majority 
of Ascidians, if not in all, it exhibits a regular alternation in the 
order of the peristaltic contractions of its muscular substance, 
Avhich has no* parallel in the Animal Kingdom. The result of 
this revc]*sal in the direction of the contractions of tlie heart is a 
corresponding periodical ixiversal of the course of the circulation 
of tlie blood, so that the two ends of the heart are alternately 
arterial and venous. 

The perforated pharynx performs the function of a branchial 
ajiparatus, the bloo<l contained in its sieve-like Avails being 
subjected to the action of (‘onstant currents of aerated water. All 
Ascidians possess a single nervous ganglion placed upon one 
side of the oral aperture (/, Fig. 11), and, in all known genera 
but A 2 ') 2 ^endicularia, it is situated between the oral and atrial 
apertures, and, indeed, betAVoen the oral and anal apertures; 
fur, in all genera but that mentioned, the intetine, after it luis 
made its lucinal bend, curves doAvn toAi ards the neural side of the 
body, and o])ens into the atrinm on that side of the body, and 
behind the nervous gaugliou. 

The outer integument of the Ascidians se(U*etes upon its 
syrhxce, not a calcareous shell, hut a case or ‘‘test,'' which may 
vary in consistence from jelly to hard leather or horn. And it 
is not one of the least remarkable characteristics of the group 
that this test is rendered solid, by impi’egnation Avith a substance 
identical in all respects with that “ cellulose " which is the 
proximate principle of Avoocly libre, and forms the chief part of 
tlie skeleton of plants. Before the discoveries of late years liad 
made us familiar Avitli the production of vegetable proximate 
jirinciples by the metamorphosis of animal tissues, this eircum- 
stance wxxs justly regarded as one of the most remarkable facts 
of comparative physiology. 
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The last common and distinctive peculiarity of tlie Ascidians 
which I have to mention, is one which acquires importance only 
from its constancy. The middle of the haemal wall of the 
pharynx, from near the oral to the msophageal end, in all these 
animals, is jmsimd out into a longitudinal fold, the bottom of 
which projects into a blood sinus, and has a mucli tliickened 
epithelial lining. Viewed from one side, the bottom of the fold 
consequently appears like a hollow rod, and has been termed 
the ‘‘endostyle” (m, Fig. 11). The functions of this structure 
are unknown, but it lias been noticed in all genera of Ascidians 
hitherto examined. 

In the next group, that of the J iAMELLinuANCHiATA, which 
comprises those creatures which we know as mussels, cockles, 
and scollops, and all the fabricators of what are commonly 
known as bivalve shells (except the Brachiojjoda)^ we meet with 


KiiT. 12. 



P'ig. 12.~-S(>c-t:on;il diagram of a fiesliwater mussel (Auodon). A A, mantle, tlio riglit 
lobe of whii:h is cut away ; Ily foot ; (7, branchial chamber of the mantle cavity ; I), 
anal chamber; /, anterior adductor muscle; //, posterior adductor muscle; 
o, mouth; />, stomach; c, intestine* tlic turns of which arc supposed to be seen 
through the side walls of the foot; dy rectum; t', anus; /, ventricle ; {/, auricle ; //, 
gills, except right exteinal gill, largely cut away and turned back; /■, labial palpi ; 
/, <!erel)ral ; m, pcf^al ; parieto-.splanchnic ganglia ; o, aperture of the organ of 
Bojaiius, p, pericardium. 


iiri important advance in organization. In all these animals, the 
body, as is exemplified by the diagi’am (Fig. 12) of a freshwater 
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mussel (Anodon)^ is included within a mantle or “ pallium,” Avliich 
is formed by a prolongation of the dorsal integument, — a structure 
in principle quite similar to that which we met with in the 
Braeliio'poda. But there is this essential difierence between the 
two, — that Avhereas, in the Brachiopoda, the mantle lobes eorre- 
s])onded with tlie anterior and posterior regions of tlie body, in 
the Lamellihraneliiata tliey answer to the right and left halves of 
the body. The intestine, which always terminates by a definite 
anus between the mantle lobes, at the posterior end of the body, 
lias its fi]*st flexure neural. There is always a well-developed 
heart, which is much more complex than that of the Ascidians 
or Bracliiopods, being dividcxl into distinct auricular and ven- 
tricular chambers. Commonly, there are two auricles and one 
ventricle, as mAnodoyi ; but in other LameJJihranchiata^ such as 
tlu^ oyster, there is a single auricle and a single ventricle, and in 
some exceptional cases there are two auricles and Bvo ventricles, 
forming two distinct hearts. Distinct respiratory organs, wliich 
usually Inive the form of lamelhe (as the nann^ of the class 


Fig. 13. 



Fig. 13 . — AnodoUf and t.ransvovf^e section of the body through the heart ; /, ven- 

tricle; (j, auricles; c, recfTim ; p, pericardium; A, inner, outer gill; oVy, organ 
of Bojamis ; li, foot; A A, mantle lobes. 

iitiplies), are found in all Lamellihxinchiata^ and are situated 
upon each side of the body, in a chamber which extends betAveen 
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tlie foot and tlio mantle lobes in front, and between the mantle 
lobes posteriorly (Fig. 13). The branchial organs may consist of 
distinct filaments, or of plates composed of tubular rods support- 
ing a network of blood-vessels, and covered with cilia, by the 
action of which they are constantly bathed by currents of water. 

The nervous system presents a no less distinct advance than 
the other organs. All Ijamellibranchs possess at least three 
pairs of principal ganglia — a cercdunl pair at the sides of the 
mouth, a pedal pair in the foot, and a thii’d pair on the under 
surface of the posterior adductor muscle, which are commonly 
called branchial,” but which, as they supjdy not only branchial, 
but visceral and pallial filaments, may more properly bo termed 
“ jiarieto-splanclinic.” Three sets of commissural filaments con- 
nect the cerebral ganglia with one another, with the pedal, and 
with the })arieto-splanchnic ganglia. The inter-cerebral commis- 
sures surround the mouth, and the other two pairs of cords 
extend respectively, from the cerebral to the pedal, and from 
the cerebral to the pariodo-splanchnic ganglia. 

Finally, there is always, in these animals, an external shell, 
which is formed as an excretion from the surface of tlu^, lobes of 
the mantle, and is composed of layers of animal matter hardened 
by deposit of carbonado of lime, which may or may not take a 
definite form, and so give rise to '‘prismatic” and " nacvcous ” 
substance. As the lobes are right and left, so the valves of the 
shell arc right and left, and differ altogether from the valves of 
the shell of the Bracliio}iod(i^ which are antei*ior and posterior. 
The valves of the shell can ho brought together by adductor 
nuiscles. Of those one (Fig. VZ, II) always exists, posteriorly, 
on the neural side of the intestine. A second (Fig. 12, I) is 
commonly found anteriorly to the mouth, on the hmmal side of 
tlic intestine. 

The luatus between the next class, winch is termed Buan- 
cmOGASTEJ(OPOi)A ill the table, and that just defined, is cousidcr- 
ahle, though not quite so well inarkeil as that between the 
Ascidians and the Lamellihrancliiafa, dliis group, whicli con- 
tains tlie whelks, periwinkles, sea-slugs, and the Ileieropoda of 
Cuvier, consists of animals which, like the Lamellibranchs, pos- 
sess (in their young state, at any rate) a mantle ; a foot, which 

j) 2 
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is the chief organ of locomotion; and three principal pairs of 
ganglia — cerebral, pedal, and parieto-splanelinic. When they 
are provided with a heart, wliich is nsnally the case, it is divided 
into anricular and ventricular chambers ; but the mantle, instead 
of b(nng divided into two lateral lobes, is continuous round the 
body, and when it secretes a sliell from its surface, that slioll is 
eitlier in a single })iece, or the pieees^ are repeated from before 
backwards, and not on eacli side of the median line. Tlie shell 
of a Branchiogasteropod may, tlierefore, be univalve, or com- 
posed of a single conical piece, straight or coiled ; or it may be 
multivalve — formed of a number of segments succeeding one 
another antero-posteriorly ; but it is never bivalve. 

. Sometimes a shelly, horny, or fibrous secretion takes place 
from the foot, giving rise to a structure resembling the byssus 
of some Lamellibrancbs ; it is the so-called opercxdum^'^ which 
serves to protect the animal when retracted into its shell ; but as 
the opercubiiu is developed from the foot and not irom the mantle, 
it can obviously have no homology with the valves of either a 
Bracliiopod or a Lamcllibranch. The Brandi loffasteropoda 
(Big. 14) commonly ])ossess a distinct head, provided with a 
pair of tentacles and a single pair of eyes, both of which arc 
supplied with nor\'es from the cei-ebral ganglia. Cephalic eyes 
of this kind are not known in the LamellihrailcJiiaia, But the 
cliaractors which most definitely distinguish the Bramliio- 
(jasteropoda aj’o to bo found in the alimentary canal. The 
cavity of th(i mouth is invariably provided with an organ which 
is usually, tliougli not very properly, called the tougiie, and 
which might more appropiriately be denominated the odonto- 
phoro.” It consists cssenticilly of a cartilaginous ciisliion, sup- 
porting, as on a pulley, an elastic strap, which bears a long 
series of traiisverscdy disposed teeth. The ends of the strap are 
connected with mnscles attached to the upper and lower surface 
of the liiuder extremities of the cartilaginous cushions ; and 
these muscles, by their alternate contractions, cause the toothed 
strap to work, backwards and forwards, over tlie end of the pulley 
formed by its anterior end. The strap consequently acts, after 
the fashion of a chain-saw, upon any substance to Avhich it is 
applied, and tlie resulting wear and tear of its anterior teeth 
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arc made good by tlie incessant development of new teeth in 
the secreting sac in which tlie hinder end of tlie strap is lodged. 
Besides the chain-saw-like motion of the strap, tlie odontophore 
may be capable of a licking or scra})ing action as a whole. 





Kig. oUi f*Mnale whelk {BacciuHnt ). 'Phe organs marked i and A ai'e lemoved 

from their proper jdaces; the othcTS are seen m ; b, gidlet; o, head ; 

foot; e, operculum; /, live part of the mantle; //, that part which invests the 
I visceral mass lodgwl witliin the shell; A, a gland of unknown ruiiction connected with 
the gullet crop ; A, stomacli ; /, intestine; ni, rectum ; n, heart; o, aperture of the 
renal organ; r, mucous gland doveloj)ed Iroin the wall of the mantle cavity; s, 
oviduct; salivary gland. The arn>ws indicate tlm })Ositiou of the hranchia*. The 
cerebral, pedal, and parieto-splauchnic ganglia closely surround the gullet, and the 
latter send olf a long gauglionated cord towards the heart and hranchia'. 

The other peculiarity of the alimentary canal of the 
Brcincliiogasteroi^oda is that it is always bent upon itself, at first, 
net to the neural, but to the haemal, or heart side of the body— 
the rectum very commonly opening into the mantle cavity, 
above the cephalic portion of tlie body. 

In most Brancliiogmterofoda the foot is a broad, fiat, mus- 
cular body, witiiout any distinct division of parts ; but in some 
forms, such as the Ileteropodci of (3uvier, it is divided into three 
very well-marked portions — an anterior, a middle, and a pos- 
terior, which are termed respectively the propodium^ 
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diiim^ and metajmlhm while the Aplysim, in which the foot 
proper lias the ordinary composition, exhibit processes from the 
lateral and upper siivfac(\s of that organ, having the form of 
great muscular lobes, which serve as a sort of aquatic wings to 
some spe(*ies, and are termed epipodia. 

The BrancMogasteropoda are such of tlie Gasteropoda of 
Cuvier as breathe water either by means of tlie thin wall of the 
mantle cavity {Atlania, ep), or by special pallial branchiae 
{Pectinihraricliiata, Teetihranehiata, &c.), or by certain parts of 
the integument of the body {Niulihramhiata) more or less 


Fig. If). 



Fig. 15. — Diagram oxliibiting the dispositioji of the intestine, nervous system, &c., in a 
common snail n, mouth ; 6, tootli ; c, odontophore ; gullet; (?, its dilata- 

tion into a sort of crop; /, stomach ; _</, coiled termination of the visceral mass; the 
letter is also close to the comincncemeiit of the intestine, which will be seen to lie 
nridcr the msophagus, and not over it as in the whelk ; /i, rectum ; f, aims; /•, I’cual 
sac; heart; /n, lung, or modified pallial chamber; ??, its external aperture; o, 
thick edge of the mantle united with the sides of the body; foot; r, cerebral, 
pedal, and parieto-splanchnic ganglia aggregated round the gullet. 


specially modified. The next class, the PuLMOGASTEKOPODAjt 
on the other hand, are the Pulmonate Gasteropoda of Cuvier, 

* I proi^osed these terms in a Memoir in the “ Morphology of tlie Cephalous 
Mollnsoa/* published in the riuloso}>hical Tntnmdions for 1853. 

t I adopt these convcuiient immes at the suggestion of my friend IVofessor 
(U'oeiie, of (Queen’s College, Cork. 
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the snails and slugs, vvhicdi agree witli the Brancliiogasiero- 
poda in the general characters of their body, mantle, nervous 
and respiratory systems, and in possessing an odontophore ; 
but differ from tlioin, not only in breathing air by means of 
the thin lining of the pallial chamber, but, as I believe, by 
the direction of the flexure of their intestine. A careful dis- 
section of a common snail, for example (hig. 15), will prove 
that, though tla^ anus is situated in the same way as in the 
Brancltiogasieropoda^ on the dorsal or luenuil side of the body, 
the primary bend of the intestine is not to the hmnial, but to 
the neural, side, tlie eventual termination of tlie intestine on 
the luemal side being the result of a second change in its 
direction. 

Mow lar this neural flexure of the intestine I’eally prevails 
among the rulmo-gasteropods is a question which must ho 
deeid('d by more extensive investigations than 1 have as yet 
been enalflcai to carry out. 

The members of the (dass 1^teik)P(.)da are small, or even 
miiuite, molluscs ; all marine in habit, and for the most part 
])elagic, or swimmers at the surface of deep seas. Like the two 
preceding groups, they possess three principal pairs of ganglia, 
an odontophore, a mantle, which is not divided into two lol)es, 
and which secretes a univalve shell, if any. Ihit the juopodium, 
mesopodium, and metajmdiiim are usually rudimentary, and 
locomotion is “almost wliolly effected by the epipodia, which are 
enormously developed, and, in most of the genera, perform the 
oflice of aquatic wings still more eilieiently than those of the 
Aplysiv. Furthermore, the intestine is flexed towards the 
neural side of the body ; and tlie head, with the organs of siglit, 
are usually quite rudimentary. 1 include in this group not 
only Crhcis, Clcodora, llyalwa^ Pneimiodenuon^ &c., but also 
tlie aberi-aut genus DentaliumA 

Tlie last class of this series is tluit of the Cephalopoda — 
comprising tlie Poulpes, the Cuttle-fishes, the Squids, and tlie 
pearly Nautilus ; a group definable by most marked and distinct 
cjiaracters from all the preceding, though it resembles them in 

* JJeiitalium vesemhles the Fteropoda in its rudimentary bead, the neuiiii Uexuro 
of its intestine, its epipodial lobes, and the character of its larva. 
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fundamental characters. Thus, the mantle is related to the 
body, as in Fterojpoda and Gasteropoda ; when an external sliell 
exists it is composed of a single piece, and the Cephalopods have 


Fig, IG. 



Fig. IG. — Diagj-ammatic section of a female Cephalopod (Sepia officinalis). Buccal mass 
siirroundeii by the lips, and showing the liorny jaws and tongue; 6, oesophagus ; r, 
talivaiy gland; d, stomach ; c, pyloric c;ecum ; /, the funnel ; ;/, the intestine; h, the 
anus ; i, the ink-i)ag; 4, the place of the systemic heai t; Z, the liver ; n, the hepatic 
duct ot the left side ; o, the ovary ; p, the oviduct ; (/, one of the apertures by which 
the atrial system, or water-charabej’s, are placed in communication with the exterior ; 
r, one of the branch ia* ; s, the principal ganglia aggregated round the oesophagus ; m, the 
mantle; sh, the internal shell, or cuttle-bone. 1, 2, 3, 4, 5, the produced and inodi- 
lied mai’gins of the foot, constituting the so-calle<l “arms” of the Sepia. 

an odontophore constructed upon just the same principle as 
that of the other classes. The nervous system, the foot, and 
the epipodia exliibit the same primary relations as in these 
groups, and tliere is a distinct head, with ordinarily well- 



THE CEPHALOPODA. 


41 


developed optic and olfactory organs. Tliat which essentially 
characterises the Cephalopoda, in fact, is simply the manner in 
which, in the course of development (as Kolliker long since 
proved), the margins of the foot proper and the epipodia become 
modified and change their relations. The margins of the foot 
are produced into more or less numerous tentacular appendages, 
often provided with singularly constructed suckers or acetabnia ; 
and the aiitero-lateral parts of each side of tlie foot extend 
forwards beyond the head, uniting with it and with one another ; 
so that, at length, tlie mouth, from having been situated, as 
usual, above the anterior margin of the foot, comes to be placed 
in tlie midst of it. The two epipodia, on the other hand, unite 
posteriorly aboye the foot, and where tliey coalesce, give rise 
either to a folded muscular expansion, the edges of which are 
simply in ap 2 )osition, as in Nautilus ; or to an elongated flexible 
tube, the aj)ex of which j^rojects beyond the margin of the 
mantle (big. 1(J, /), called the ‘‘funnel” or “infundibulum,” 
as in the di branchiate Cephalopoda, 

44ie Cephalopoda j)i’esent a vast number of the most inte- 
resting features, to which it would be necessary to devote much 
attention if we wei’e studying all the organic pc(uiliarities mani- 
fested by the class ; but it is in the characters of foot and of the 
epipodium that the definition of the class must be chiclly sought. 
In addition, the flexure of the intestine is, in all Cephalopods, 
neural ; and the mouth is always provided with a horny or more 
or less calcified beak, like that of a parrot, composed of two 
curved jneces, which move in the median antero-posterior j)lane 
of the body ; and one of which, that on the neural side, is always 
longer than the other. 
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ON THE CI.ASSIFICA'l’ION OF ANLTIAJ.S. 


'I’lll': KClIINODKliMA’l’A, SC’OI.EOIDA, ANNKMUA, CKUSTACEA, 
AltACHNlDA, JMMtlAroDA, AND TNSECTA. 

II n it lias not been a matter of very great diflficiilty to 

diseovor tlie eliaraeters in wliicli the members of tlie various 
classes, vliieli have passed under our notice, agree vvitli one 
another and (lifter from the memliers of all other (‘lasses. But 
to-day ^Y0 shall be met, at the outset of our studies, by a large 
series of organisms which present us with much greater (ob- 
stacles, — the result, in a great measure, of imperfect knowledge. 

The first gnoup on the list — the EchinodermaTxV — com- 
prises the star-fishes, sea-urchins, sea-cucumbers, trepangs, and 
feather-stars — knoAvn techniioally as AsteYidea, Eehinideay Ilolo- 
ilmridea, Ojjlihiridea, Grinoidea, &c., — marine animals which 
differ vastly in external appearance, though they all, in the 
adult state, present a more or less definitely radiate arrange- 
ment of some parts of their organization. 

That whicdi most remarkably distinguishes the Ecliinoder- 
niata is tlio nature of the embryo, and the strange character of 
the process by which the adult form is originated by a secondary 
development within that embryo. 

In the great majority* of the Eehinodermata, the develop- 

* lu Opliiolepis squamafa and Mchhiasfer seposHus, the larva apj>f‘ars to attain 
oidy a V(jry imperfect ytate of development before the appearance of the cchinodt'rin 
l>oily ; and (careful reexamination is r(‘quired to decide how far the larvte of thewo 
animals are truly bilaterally symmetrica]. 
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mcnt of which has been examined, tlie impregnated egg gives 
rise to a free-swimming, ovoid, ciliated embryo, the cilia of 
which soon become restricted to, and, at the same time, largely 
developed upon, one, two, or more bauds, which are disposed 
either transversely, or more or less obliquely to the longitudinal 
axis of the l)ody, but wln’ch are, in any case, bilaterally sym- 
metrical (Fig. 1 7). 

FiV. 17. 



Ciliated band. c'. Second or anterior ciliated circlet. 

The parts of the body which carry the ciliated band, or 
bands, often become dtwelojdcd into processes, which correspond 
nj,)ou each side of the body, and thus render its bilateral sym- 
metry more marked (Fig. 17, C', 1)'). And, in the larvm of some 
Bc/imulmancl Opliiimdea, other bilaterally symmetrical processes 
are developed from parts of the body which do not lie in the 
course of the ciliated bands. 
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The larvce of AderiAea and Ilolothuridea are devoid of any 
continuous skeleton, but those of Ophiuridea and Eeliinidea 
possess a very remarkable bilaterally synimetrical, continuous, 
calcareous skeleton, wliieh extends into, and supports the pro- 
cesses of the body (Fig. 20). 

A distinctly delined alimentary canal early makes its ap- 
j)oaranee in these Echinoderrn larvae. It is divided into a well- 
marked oral and eesopliageal portion, a globular stomach, and a 
short intestine terminating in an anal aperture (Figs. 17 and 18). 
All the parts of the alimentary canal are disposed in a longi- 
tudinal and vertical plane, dividing tlie larval body into two 
symmetrical halves ; but the OGsopljageal and intestinal portions 
are so disposed as to make an angle, open towards the ventral 
side, witli one another. No nervous, or other organs, besides 
those indicatiid, have as yet b(‘en discovered in tlu^se larva). 



Ficr. 18. — A young Asterid larva (alter Mullei). — A. Veutial. B. Lateral views of the 
larva, C. Coiriniericing rudiment of Uie starlisli. a. Moutli. h. (Fsopliagiis. 
c. Stomach, c' , intestine, o. Anus. .r. Anterior, and ;/y, })riiiei]>al ciliated band, 
h. (CreciiJ diverticulum, I'oriniiig the l udimeut of the ainbulacral vascular system, and 
opening externally by the pore, <j, k. l^crisoina of the startish. 


Fig, 10. 



10. — Development of a Ihiolkuvid (after Muller). — A. I'^aiiy condition of larva. 
B, (J, Later stages. /, //, h, the ambulacral vascular system. 
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Fig. 20. 


B C 



Fig. 20. — De^'elop^rlont of an Kchmid Jmra (after Muller). — -A. eai liest, and B, later 
condition of larva. C. d'he Echinid imago developed within and nearly obliterating 
tlio larva. 

After swimming about in this condition for a while, the 
larva Ix'gins to show the iirst signs of those changes by which 
it is converted into the adult Echinoderm. An involution of 
the intognment talvcs place upon one side of the dorsal region 
of the body, so as to give rise to a cooctil tube, which gradually 
elongates inwards, and eventually reaches a mass of formative 
matter, or blastema, aggregated upon one side of the stomach. 
Within this, the end of the tube becomes converted into a 
circular V(^ssol, from which trunks pass off, radially, through the 
enlarging blastema. The latter, gradually (.‘Xj landing, gives rise 
in the Echmidea, the Asteridea, the Ophiuridea^ and the Crinoidea, 
to the body-wall of the adult; the larval body and skeleton 
(when tlie latter exists), with more or less of tlio primitive 
intestine, being citlicr cast off as a whole, or disappearing, or 
becoming incorporated with the se(.'ondary development, while 
a new mouth is develojied in the centre of the ring formed by 
the circular vessel. The vessels which radiate from the latter 
give off diverticula to communicate with the cavities of 
numerous processes of the body — tlu) so-called feet — -which are 
tl'c chi(3f locomotive organs of the adult. The radiating and 
circular vessels, with all their appendages, constitute what is 
known as the “ambnlacral system;” and, in Asteiids and 
Echinids, this remarkable system of vessels remains in commu- 
nication with the exterior of the body by canals, connected with 
perforated portions of the external skeleton — the so-called 
madreporic canals ” and ‘‘ tubercles.” In Ophiurids the per- 
sistence of any such communication of the ambulacral system 
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with the exterior is doubtful, and still more "so in Crinoids. 
In Holotliurids no such communication obtains, the madreporic 
canals and their tubercles depending freely from the circular 
canal into the perivisceral cavity. 

Whether the larva possessed a skeleton or not, the adult 
Echinoderm presents a calcareous framework which is developed 
quite independently of that of ^le larva. This skeleton may 
be composed of mere detached spicula, or plates, as in the 
Holotliurids ; or of definitely disposed ossicula, or regular 
plates, as in other Echinoderms. In the latter case its parts 
arc always disposed with a certain reference to the disposition 
of the ainbulacral system, and hence have a more or less dis- 
tinctly radiate arrangement. It might be expected, in fact, 
that the arrangement of the organs of support should follow 
more or less closely that of the chief organs of movennent of the 
adult Echinoderm, and it is not surju’ising to find the nervous 
system similarly related. It is, in all adult Echinoderms, a 
ring-like, or jiolygonal, ganglionatcd cord, situated superficially 
to that part of the ambulacra! system wliich surrounds tlie 
mouth, and sending prolongations 2)aralle] with, and sujierficial 
to, the radiating ambulacral trunks. 

The reproductive organs of the Echinodcu’ins, which usually 
ojien upon, or between, jiarts of the radially disposed skeleton, 
commonly ^xn-take of the radial symmetry of that skeleton ; but 
they have no such radial symmetry in the Holofhuridea. 

The alimentary cajial of the adult l^chinoderm is still less 
dej)endent upon the skeleton, and only in one group, the 
Asteridea, exhibits anything aj)2)roaching a radiate disiJositioii. 
Where skeletal elements arc^ develojied around the mouth oi* 
gullet, however, they have a ntdial dis^iosition ; as, e. the 2 )arts 
of the so-called lantern of Aristotle.” 

The vascular systein which exists in many, if not all, adult 
Echinoderms, but the true nature of which is by no means 
understood at 2)resent, is closely related both to the alimentary 
and to the ambulacral systems, and j)artakes of the dis2)osition 
of both. 

No Echinoderm wliatsoever has its organs, internal or ex- 
ternal, disjoosed with that absolute and perfect radial symmetry 
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which is exlnbited by a Medusa^ the tendency towards that kind 
of symmetry being always disturbed, either by the disposition of 
the alimentary canal, or by that of some part of the ambnlacral 
apparatus. Very often, as in the Spatangoid sea-ur(?hins, and in 
many Holothimdea^ the ainlmlacral and nervous systems alone 
exhibit traces of a radial arrangement; and in the larval state, 
as we have seen, radial synimetry is totally iibsont, the yoiuig 
Echinoderm exhibiting as complete a bilateral symmetry as 
Annelids, or Insects. 

Nothing can be more definite, it appears to mo, than the 
class Eelmiodermata, the leading characteristics of which have 
just been enumerated ; lait it is a very difficult matter to Sfiy 
whether the seven groups, some of considerable extent, which 
are massed under the next head, that of Soolecida, are rightly 
associated into one Ass, or should be divided into several. 
Tlie seven grou[)s to whi(‘h I refer are the Rotifera (or Wheel- 
animalcules), the Titrhellaria, the Treynatoda (or flukes), the 
Ta'uiada (or tapowonns), the Nmiaioidea (or threadworms), the 
Acanthoeeiiiliala, and tln^ Gordiacea. Of these, five are com- 
posed of animals parasitic u])on others; and exhibiting the 
anojnalies of structure and of development which might be ex- 
pected from creatures living under such excej^tional conditions. 

Tlu^ro is one peculiarity of organic structure which the first 
four of these groups certainly have in common; they all present 
what is termed the ‘‘ waha^- vascular system,’' — a remarkable 
set of vessels whi(‘h commimicat(^ with the exterior by moans of 
one, or mon^, apertures situat(Ml upon tlio surhico of the bod}^ 
and branch out, more or less extensively, into its substance. 

In the Rotifera the external aperture of tla^ water- vascular 
system is single, and situated at the hiiuhu’ end of the body ; 
it communicates with a large, rhythmically contivK'tile, sac, 
whence two trunks proceed, which usually give off short lateral 
branches, and terminate in the ciliated “ trochal disk ” of the 
Ihdifer, in the middle of which its mouth is placed. Both the 
lateral oftshoots and the terminal branches contain vibratile 
cilia. The Trematode and Tmnioid worms have a similai*, but 
usually much more ramified apparatus ; and it is interesting to 
observe that, in these animals, as in the AH^/idof/aster eoncliicola 
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(Fig. 21), the water-vasoular system becomes divided into two 
distinct portions, one with contractile and non-ciliated ’walls, 
the other with non-contractile and ciliated walls. In some 

Fift. 21. 


f, 



Fit/ ‘21. — A. Wutt^r- vascular sy^tcln uf' Aspulo(}a>^ter conchmAa ; a, toriiiinal pore ; 
lateral contractile vessels; c, lateral ciliated trunks, that of the left vsidc shaded ; 
c?, dilatation of this trunk ; B, one of the larger, and (1, one of the smaller, cili- 
ated vessels. 

Tm'hellaria the apertiivfvs of the water-vascular apparatus are 
multiple ; while it would seem that in others, as the Nemertid^\ 
the apparatus becomes shut externally in the adult state, and 
consists mainly, if not exclusively, of contractile vessels. The 
difllcidties of observation arc here, however, very great, and 
I Avould be imderstood to express tins opinion with all due 
caution. 

In none of these animals has any other set of vessels than 
those which appertain to the water-vaseidar system (if I am 
right in my view of the vessels of the Nemertidw) been ob- 
served, nor has any trace of a true heart been noticed. ^JTie 
nervous system consists of one, or two, closely approximated 
ganglia. 

This sum of common characters appears to me to demand 
the union of the Rotifera, Turhellaricty Trematoda, and Tmiiada 
into one great assemblage. Ought the Nematoid worms to be 
grouped with them ? If the system of canals, in some cases 
contractile, which open externally near the anterior part of 
the body (Fig, 22), and were originally observed by Von 
Siebold; and since by myself and others, are to be regarded as 
homologous with the water-vessfds of the Trematoda, this ques- 
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tion must, I think, be answered in the affirmative. It is almost 
the only system of organs in tlie Nematoicha wliieh gives us a 
definite zoologieal eritei*ion, tlie condition of the nervous 
system in tlic^se animals being still, notwithstanding the many 
ijiquiries which have been made into the subject, a matter of 
great doubt. 

Fig. CC. 



h 


{'ig. I’Li. — 0:ciiiiri<i. — ]\lonth, h, Fliai yiix. r. Cornmeiicomciit of intestine, and d its 
termiiiMtion ; the intcrnu'iliate |)()rti(tii is aot, tigured. r. Oeiiital a})ertnre. /. 
Oj)onii!g f>f vos.u'ls, (/. Theiv receptacle, h. One* of tlie vessels. %. Col Inlar matter 
enveldjiing them, A jiorlion of one of tlie contractile vessels is represented above, 
nior<> liighly niagnided. 

In lialdt and feefure, tlj(‘ (iordlacea, [ilifortn [>arasit(is wliieli 
inlia])it tlie liodie's cf inst^el.s, and leave tiieir hosts oulyto breed, 
r(‘s(‘]i)ble tJie Nemaioulea so inueh tliat .1 (*an liardly doubt that 
their systematic place must )»e ('lose 1o that of tlio Itilter ; but 
positive evidoma* is almost wanting on this liead, tlm extant 
aet'ounts of IIk^ tninuto aiuilomv of these animals not liavintr 

-• o 

n'ceivtal tliat kind of eoidirmation wlii(!li is desiiiiblm 

Ihe strmdure of the Accudluh’rjUtala. coinjirising the for- 
midable Ecdihiorliynehus (hig. 2d) and its allies, is, on the otlier 
hard, pretty clearly made out. They are va.Tiniibrm parasites, 
like the Twniada, devoid of any inoUth or alinnmtary canal, 
but provided with a proboscis armed with recurved hooks, 
ddic proboscis is supported within liy a sort of 1 ‘od-like haiidlo, 
whciHX a c()]-d is continued, to which the repnjductive organs 
are attacliod. A single ganglion is seahal in the ‘^handle” 
of the probos(*is. Immediately beneath the integument lies 
a s(‘ri(‘s of retienlated canals containing a (dear fluid, and it 

E 
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is difficult to see with what tlicse can corrosiiond if not witli 
some modification of the water-vascular system.* 


2:l 



Fig-. I2.”>. — The Eddnorhiindins of the Floiirider. — A. [)iao;i':iin exhihiting tlie relafiv 
j)()sition of the organs, a. Frohoseis. A. Ils stem. c. Antcr or ojilargenient. d. 
Bofly. c. F*osterior “ funnel.'^ f. Neck. //. Mraiiscus. h. Si |Hirior oblique tubu- 
lar bands, h. Interior muscles of the proboscis. /, m. (Icii alia. o. Penis, or 
vulva. B. J .owor (wtremity of the stem of the jirobose.is. a, ianglion. A. Inter- 
space. d. Outer coat. c. Inner xvall. c. Tubular band, with e nerve A. f. Mus- 
cular bands, g. Suspensoriuin of the genitalia. C. P;ut of the temale genilalia. 
it. Ovary. A A. Duets leading from ovary to utorns (spermid nets ?). c. (Jpen mouth 
t>f oviduct, dy e, Pterns and vagina. 


Leaving the division provisionally termed Hcolecida in this 
confessedly unsatisfactory state, 1 ptiss on to the Anneltoa, a 
class of largo extent, contaiuiiig tlio leech, tlic earthworm, the 
Sipimeuliis, the lobworm, the seamouse and Poh/nde (Fig. 24), 
tlie Seriyula, and the Sjnrorhis. 

All tl le members of this class possess a nervous system, 
wliich consists of a longitudinal series of ganglia, situated along 
one side of the body, and is traversed anteriorly by the 
(esophagus, the })rm-(Desophageal, or so-called ^'eorebnil/' ganglia 

* The recently published investigations of Leiicknrt, while they denioTistrate still 
more clearly tlie close affinity which exists Ixdweeii the Acanthocephtda ami the 
Tiv?nada—hj proving the adult worm to aiist^ liy secondary growth witliin a Jioohed 
embryo, in the former case as in the. latter — leave some doubt upon the nature of 
the reticulated canals. According to l>uckaTt, they arc the remains of the cavity 
which primitively lies between the wall of the embryo and the contained rndiment 
of the mlult Acanthocf’pluilau body. 
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beiii^ connected l)y latc'rnl commissural cords with tlie post- 
msopliageal ganglia. 

In many of tln\se animals tlie body is divided into segments, 
(sacli of wliicli corresponds Avith a .singl(‘ pair of ganglia of tlie 
(‘bain, and each of these sc^gments may be pi’ovided with a pair 
of lateral ajijieiidages ; but the appimdages are never articulated ; 
and ar(‘ never so modified, as to be converted into masticatory 
organs, in the cephalic region of the I.iody. 

No Annelid even jiossesses a heart comparable to th(> heart 
of a (Crustacean, or Insect ; but a system of vessels, Avith more 
or 1(:\ss (‘xtensively conti-actile walls, containing a clear fluid, 
usually )M‘d or greim in c(donr, and, in some rare', eases only, 
eorpusenlated, is very gemu’ally devfdojied, and sends pro- 
longations into the r(‘S[)iratory organs, wlien? smdi exist. 1diis 
has h(U‘u t(U‘med tlie '' jiscmdo-luTcmal ” system; and I have 


24 . 



24 . — Polifiiot^ sqiinmata.. 

A, V’'i(’vvorl from ;ibovc and a^h. Feelers. <\<L (’irrf, r, Flytra. /. Space left 

between tlie two posterior elytra, tj. Seta* and fimbrije of the elytra. 

F>. Posterior extremity, inferior view, the appendages of the left side being omitted. 
h. Inferior tubercle. 

e. Section of half a somite with elytron, i. Xotopodium, k, XeuropeKlinm. 

If Section of half a somite with cirrus. 

E 2 
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thought it probable tliat these, “ [)soudo-]ia‘inal ” vessels are ex- 
treme modi(i(‘ations of organs liomologoiis witli the water-vessels 
of tlio Seoleeirla. As 31. (le Quatrefages lias elearly shown, it is 
the perivisceral cavity with its contents that, in theses animals, 
answers to the true blood-system of the (ymstacea and Insects. 

The emluyos of yVnnelids are very g(merally ciliated, and 
vibratile cilia are commonly, if not universally, devidojjial in 
some part or otiiei* oi‘ their organization. In both theso 
respects thev present a most marked contrast to tlie suc(‘eeding 
(‘lasses. 



Cifr. 25. — Amphithoe, an amphiptKlons Crnstan aii. — I.att^ral viow y\), longitiidiiial and ver- 
tical section, detached a]i))endages and stomach (C, D). The nnmbers I' to XX' indicate 
the appenda-.Te*^ of the corresponding somites, r, h’ostrnm. /. Telson. (h. Lahnini. 
W. (if liie head, or cephahistogitc. os. Oostegite. Br. Biaiu;]jia\ Stomach 

ojiened from ahovo (O), and viewed laterally f C). o, ^ o. Dilfevent jiarts ofthe armature. 
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into a variable number of somites/’ or detlnite s('gmeuts, each 
of whicli may be, and some of Avliicdi always are, provided with a 
sijigle pair of articulated apjHmdag<‘S. The latter pro[»ositioii is 
true of all (existing Criidacea : whether it also held good of 
the long (extinct Trilohiie/i, is a. (pu^stioii which wo have no 
means of deciding. In most Crndacea, and,, probably in all, 
one or more pairs of a]>p(‘ndages are s(j modilied as to subserve 
mandu(*ation. A pair of ganglia is j)rimitively developed in 
ear*!) somlt(3, and tla^ gulh^t passes b(dwcen tuo successive pairs 
of ganglia, as in tla‘ A)Lncli<la. 

No tiaeo of a watm-vascnlar system, nor of a-ny vascular 
systcmi similar to that of the AniicUda, is to be found in any 
(Vnstac(ain. All Cnidacm winch }>ossess (hdinite respiratory 
oigiMis have bian(‘‘hi(e, or outwaixl proccss(‘s of the wall of the 
body, adapted for respiring air by means of watcT ; the terres- 
trial Isopoihf, some of which exhibit a curious rudimentary 
repr(‘sentatio]i of a traclnxil systimi, forming no real exception 
to this rule. Wdnm th(‘y are jn'ovidcjd with a circulatory organ, 
it is situated on the opposite side of the alimmitary canal 
to the princi[)al chain of ganglia of the iiCTVous system ; and 
communicates, by valvular apertures, with the surrounding 
venous sinus — the so-called ])ericardium.” 

dd)(‘ Criidacea vary through such a wide range of oi’gani/a- 
ti(.>n that 1 doid)t if any othci’ anatomical pnjposition, in addition 
to those wliich I have numtiomal, except the ])r(‘sence of a 
chitinous int(\gument and tl)e absemai of cilia, can be enunciated, 
whicli shall be true of all the iiumihers of the group. 

It is this (ixtimiie elasticity, if I may so sj)oalc, of the 
crustac'cau type which reudeu’s the constructiem of any dofini- 
tijii of the Crudacca, whieh shall imtiide all its members and 
(.‘xeludc the next class, tlie Auaoiinida, so dinicmlt. For tho 
Sfjidcrs, Scorpions, J\Iites, and Ticks, which constitute this class, 
possess all tlio charaetci's whidi hav(i hcen just stated to be 
(‘ouiinon to the Crustacea save one ; w hen tliey are provided 
with (listinet respiiutory organs, in fact, these are not external 
l>ra,uchim, adapted for bi-eathing aerated wat(U', hut are a sort of 
ijivolution of the int(?gument in the form of traelu^al tuhes, or 



5i 


ON CLASSIFICATION. 


pulmonary sues, iittecl for the bi-eathing of air direetly. ]hit 
then many of the lower Arachnida, like the lower Crustacea, ai e 
devoid of s[)eeial rc^spiratory organs, and so the diagnostic* 
eliaraeter fails to be of servic*e. 


Kig. 20, 



Fig. -JS. — Diagrammatic section of a Scorpion, the locomotive members being cut away. 
(i, Mouth leading into the pharyngeal pump. The largo iabrum lies above the mouth, 
arid at the side of it are the base-i of the large chehe, or mandibles, IV., and above 
them the chelicerre, or anteninc. Vl. to XX. Somites of the body. T, Telson ; If, intes- 
tine; c, anus; c^, indicates the position of the heart; r, the jnilmoiiary sacs; /, a 
line indicating the position of the ganglionic chain; //, the cerebral ganglia. 


The follo^ving common (characters of the Arachnida, how- 
ewer, help out our diagnosis in practice. They noYei\ possess 
more than four pairs of locomotive limbs, and tlie somites of 
the abdomen, even when tlu) latter is well developed, are not 
provided with limbs. Again, ni tlie higher Arachnida (Fig. 2(J), 
as in the higher Orudacea, i\\G body is composed of twenty 
somites, six of which arc allotted to the liead ; but, in the former 
class, one of the two normal pairs of anteimm is never developed, 
and the eyes are always sessile, while, in the highest Crustacea, 
the eyes are mounted iijton moveable peduncles, and both pairs 
of antenna) are developed. 
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Fig. 27. 



I'ig. 27. — AiitiM’ior of’ the body of jScvhjmndra JJopci (aftor Newport). — A, Antorior 

)xnt oi tho body iVoni aiiovo; B, fioni below; A, liend })i-oj>or ; if, antorior tliorncic 
.somito.s ; o, ,'int(‘iiii;o ; ( ■, antomia*, labruni, and mandibles (iv') from ladow ; 1), under 
view of liead, with the two j>airs of mnxillm (v' vi') oorering the foregoing. 

Tlio j\[\"TUAP()i)A (Fig. ^^1) lutvo the chitinous integument; 
the body divided into somibes, [irovided with artieulat(^d ap- 
pendages ; and ikh’vous and (‘ireidatoiy organs constructed 
upon a similar plan to those of tlie former groups. The body 
{'ousists of more than twenty somites, and tliose wbi(*li corre- 
spond with tlie abdomen of Arachnida are provided with loco- 
motive limbs. 

Hie head consists of at least iive, and probably of six, coa- 
lescent and modified somites, and sumo of the ant(?rior segments 
of the body are, in many genera, coalesetmt, and liave their 
appendages specially modified to suUservo pi'clumsion. Tlio 
I'espiratory organs are trachea), wliii^h open by stigmata upon 
the surface of tlie body, and flie walls of which are strengthened 
by ehitin, so disposed as readily to pull out into a spirally coiled 
ill anient. 

The Inspcta, lastly, liave respiratory organs like those of 
the Mijriapoda, with a nervous and a circulatory system dis- 
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posed essentially as in tliis and the two preceding classes. But 
the total luiniber of soiuitos of the body never exceeds twenty. 








Fig. 29. — Longitudinal and vci tical 
.section ol' the abdomen of a 
male Cockroach [Ji/atta). — 1, 
2, 3, 4, &c., terga and .sterna of 
the .abdomen ; t, testis ; 
aperture of the vas deferens ; 
A, anus. 
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Of these five eertie’iily, and six [a’obably, eoiistitiite the head, 
which possesses a pair of antenna', a j)air of nuuidibles, and two 
[)airs of niaxilhe ; the ltind«‘i;^pair of whieli are eoaleseent, and 
form the org'au called the 'Oabinni.” 

I^liree, or pi'rJjaps, ju scjine (aist's, njore, somites unite and 
))(‘(*ome s])e(*ially modithal to form tlie tliorax, to wldf'li tlu' 
thrcH' pairs of locomotive limbs, chara.ctt'ristie of perfect ins(‘(*ts,^ 
an 3 a,tta(‘hed. 

l\vo additional pairs of kamnotive organs — tin.! wings— 
ai’e dev(do])ed, in most insects, from the teJ'gal walls of the 
s(*(*ond and thii'd tlmi-ata’c s(»mit<‘s. Xo locomotive limbs ai’ti 
(‘Ver dev('loped fj’om the alxloimm of the adult insect, hut the 
veiiti-al ])ortions ol* tht‘ aljdominaJ somites, from the (‘igktli 
backwards, are oftmi metamorpliosed into apparatuses ancillary 
to tins generative fnnetion (Figs. 2S and 2d). 

* 'Dio toiiifilo i« stated to jioj^ho.s.s iio thoracic limbs. 
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THK VKIITEBII.VJ'A ; OU I*ISOK8, AJ\iriIlBTA, IIKPTILLV, AVES» AND 

IMAMMAfJA. 


In tli(3 snrvry of tliu fuiiiiial kijigdoiii witli wliidi we laive 

])eeii oecupif3(l in tlio preceding lectures, 1 luive, for reasons 
wliicili will b(3 obvious by and by, taken gi'ou]) by groiij), and 
considered oaeli separabdy ujxui its own merits, without attempt- 
ing to say anything of the clnirjieteristics of tlie inrger divisions 
into which these? (dasses may bo arranged, Idiat is a })oint to 
which I sliall redurn on a future occasion. 

But with tliose animals whicl) arc called “ vertebrated,” 
such a cejurse as this would involve? a great and unpi’olitable ex- 
penditure of time and miu*h re])etition ; because the live groups 
of animals w hich j ass under this name — -the classes Piseen, Ain- 
phihia, TPptiUa, Aves, and Mammalia— \xYii obviously united and 
bound together by many eoinino]) characteristics, aiid are well 
known to l)e so conmnted. I shall coiniiKaice the pres('nt 
lecture, therefore, by (iimmerating the most important of those 
striKdural pe(adiarities which these five great divisions exhibit 
in common. 

In the animals to wdiich our atbmtion has hitherto Ijcen 
confined, tlie c'xteiaial, or integumentary and parietal, portion 
of the blastoderm never becomes d(?veloped into more than a 
single saccular, or tubular, investment, which incloses all the 
vist*era. 8o that if w(i make a transv-erse section of any one ol 
these' animals endowed with a suHiciently high organization 
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to possess a nervous system an<l a lieart, tliat seetion may l)<> 
represented diagrammatieally as in Fig. oO (].), wlano repn^- 



.‘Je.- — I >iii}j,r;iins reproscntiiio- uciKM aliscd .section.', ot' one of the lii;j;hor j n vei tehr-itt'S 
(f. U,), nml of a Vertebnite (111. iV.); I. IH. 1 1 an., vcr.se, II. 1 \\ Ionc;itiulin:il sc(“- 
tioii. A, .‘ilitneniary canal ; II, heart; Ih p.arictcs of the body; I*', paiiOc.s of th<‘ 
iK'iiral canal; nervous centres of Inrei tebrate ; sympathetic, .and N-, cerebi'O' 
spinal centres of \’ci t'‘brate ; ch, notoidiord; M, niontli. 

stmts llie pari etes or wall (.)f the body, A tla^ tilimtadary eamd, Jl 
the heart, and N the iieryoiis centres. It will hti observed that th(‘ 
idimentary canal is in the middle, tln.^ pri]iei[)aJ centres of tli(^ 
nejwous system upon one side of it, and tli(3 heaiT upon the 
other. In none of tluhse animals, agYiin, would you discover, in 
the embryonic stale, any jtartition, formed by the original ox- 
termd [uirietes of tin* body, between the nervous centres and th(‘ 
alimentary (aiiuil. 

Fnt, in tlie live vt.a’tebrabt (dasses, tlu; [)aii(dal portion of th(3 
blastoderm of the (unbryo always becomes raised up, n]>on each 
side of th(‘ middle line, into a ridge, so tluit a long groovtt is 
formed betwetm the parallel ridges thus dove]o])ed; tind the 
margins of those, eventually unitiugwith one another, constitute 
a second tube parallel with the first, by a modiilcatiou of tlio 
inner walls -of wliieh tin* vertebrate C(.‘rob'ro-spinal nervous 
centres are developed. Hence it follows that, after any verte- 
brated animal lias passed through the very earliest stages oi‘ its 
development, it is not a singh*, hnl a donl>le tube, and tin* two 
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tiilx^s ara HOjuiruteO hy a partition wliicli was, priinitively, a part 
oi:‘ tlio (ixtrrnnl pririt^les ol‘ tlio body, but wliieli now lies, in a 
central position, t)(‘twc(']i tlio (‘(a-idji-o-stiinal nervons centres nnd 
the alimentary caiud. Ilcnc(‘, a, transverse section otany verti^- 
brated animal may b(^ represented diai>*i'amniatically by Fig- oO 
(111.), wliere, for tlie most jjaft, tbe betters have tlio same signifi- 
cation as in tlu' Ibregoiiig case, but wli(*ro P' denotes the 
socojid, oi- corobj'o-spinal, tube. Tim visceral tube (f^) (amtains, 
as in tlie (‘as(‘ of tin,' invertebrate animal, tlio alimentary canal, 
tin' lieart, and certain nimvons centres, belonging to tlie so-called 
sympathetic system. This nervons system anctdlie lieart Tire 
situated upon opposile sides of tlie alimentary eahal, the syrapa- 
tlietii; eorresprniding in [losition, and in fi.nming in double cliaih 
of ganglia, \vil»h the eliief nervous (‘entves of the invortebiute ; so 
tliat tlu,^ eerelnij-spinal tub(' a[)])ears to be a snjier-additiun,— a 
somedhing not represented in the inveittdirate series. Tlio, 
fonnation of tin* eerehro-sjiinal tnlx^ ot V(‘rtebrates, in tin' 
manner whicdi J have di'seribt'd to yon, is a tvcdl-f'slablislied 
fact; nor do I entmlain any doubt that tlie oerebro-spinal 
(‘entri'S, vi/., tin' (irain and tlie spinal eord of vertelirates, are the 
]*esnlt of a moditleatiou of tluit serous layer of the germ wliieli 
is continuous elsewheri' with tlio epidermis, dbvo years ago, 

I took some pains to vej'ify tlie remarkable discoveries of 
llemak in relation to this point, and, so far as the ebiek \s 
(‘onev'riied, his statiMuents appi'uri^d to me to be fully borne 
out. Hut, as \ on Haer long ago siigge>liMl. it is a lU'ei'ssarv'^ 
result of these facts that there can be no eompurison betwecui 
the i,*erebro~s[)iual lu'rvons emitix'S of the Veriebnda and tin' 
ganglumated lu'rvons centres of the Inverfeltmta^ and the 
koi\u)\og\ies of tke latter must pvoViably be souglit in tlie syni- 
patketie. 

Doubtless in close connection with tills })rofonnd difference 
between tlie cliit'f uervuiis centres of the vertebrate and the 
invertebrate is anotlier remarkable structural contrast. In all 
the higher invertebrates, with a well-devt'lopiMl narvons system, 
the latter is perforated by tlie gullet, so that the moiitli is 
situated upon tlio same side of the body as tlie jirincipal masses 
of the nervrms system, and some of the ganglia of the latter lie 
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ill front of, and others iK^hind, tlie (esoplmgii;^. A longitudinnl 
vei’ti(*al section of sneli an animal, tlierefoias may be rc^jiresenti'd 
by Ihg. 30 (11.). 

A similar section of a vertobratod animal shows, on the con- 
trary, tlie cliief centre of flie nervous system not to be [Kn^foratial 
by the cesophagns ; the latter turning’ aavay from it and opening 
upon tlie op])osite side of the body (b'ig. 30, .I\b). 

Another strmdure 8liar|)ly distinctive of the vei’tebrah' 
classes is the ‘‘chorda dorsalis” or notocliord,” an oi'gaii of 
which no tra{,*e has yet Ixam discovered in any of the inv(‘r((‘- 
brates, fhoiigh ft invariably exists, in early embryoni(‘ life 
at least, in every verteferabx J>(dbre tlie cerebro-spinal canal is 
comjilete, in fact, the substance of the ccaitn' oi* its tloor, be- 
neath the primitive median lim^ of the (vmbryo, IxM-omes diflei’" 
entiat^d into a rod-like cellular structure, wliicli ta]xn’s to both 
its extremities; and, in a histological sejisi*, rcniains com- 
jxaratively stationary, whib^ the adjaciuit (ndayonic tissues are 
uiidei'going the most rajiid and vaihal meta,morplios('s. 

To tltese grc'at diffenmees between v(Tt(hraf(‘s and in- 
vertebrati'S, in their early couditiou, many others might he 
add(‘d. In all Vnicbrata that part of tin,' wall of liu^ body 
which lies at th(‘ sides oi', and immediately luhind the, mouth, 
(‘xliibits a se'i’ies of tbiekenings paralhd with on(^ auotluw and 
transvers(i to tlu^ axis of tlu‘ body, wd\ieh mav 1 h' l\\ae ov move, 
in number, and are terme<t the viseerul arches,” Tlio intev- 
spae('s belwt'en thesis arehos Ix'coining tliinner and Ihiumw, are 
at bmgth ]Ka*forated l>y coi’n'spomling (‘lefts, wliieli jilaeo tlie 
eavity of the pharynx in free ('ommuni(*ation with the t^xicrior. 
Nothing eori'esponding with tliese nrrhrs and cle/'fs is known in 
the Inveridhrata, 

A Yerbhrated animal may he devoid o{‘ articulat( (l limbs, 
and it newer possesses more than two pair. I'la'se* limbs alnays 
liave an internal skeileton, to wliicli the mnscles moving the 
limbs are altaebed. AVbenever an invertdiiated [inimal possesses 
articnlated limbs, the skadelori to which tho mnscles are at- 
tached is external, or is connected with an external body 
skeleton. 

Wlien an in vertebra ted animal [lossessos oi'gaiaij' of mastif'a- 
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tioii, these iin} eitli(‘r liard prodi^^tiens of tlie aliinehtaiy niiieous 
meiiibraiie, or are modified limbs. Jn tlie latter ease there 
may l)e Piaiiy pairs of tlieai — numerous Crustacea^ tor example, 
have eight pairs of limbs devoted to this fimctiom In no verte- 
l)rated animal, on tlie other hand, are limbs so modified and 
functionally applied, the jaws being always parts of the cephalic 
parietes s])(K*ially metamorphosed, and totally distinct in their 
nature from the limbs. All vertebrated animals, finally, possess 
a distinct vascidar system, containing blood with suspended 
corpusch's ot oiu^ kind, or of two, or (^ven threi?, distinct kinds. 
In all, save one, there is a single valvular heart — the vessels of 
tlie exc('[)tion, Amphioxus, ])ossessing numerous contractile dila- 
tations. All vertebrat(‘S possess a hepatic ])()rtal system,’' the 
l)lood of the (dimentary canal never being wholly returned 
directly to the heart by the ordinary veins, but being moi'c or 
less largely col lect(‘d into a trunk, tln^ ‘'portal vein,” which 
ramifies through and snjiplii's the liver. 

Those ar(^ the most important (diaracters liy which the verte- 
brate class(\s a]‘e distinguished, as a whole, from the othei’ classes 
of th(:‘ animal kingdom ; and their number and importance go a 
long way to jnst ify the stej) taken by Lamar(*k wIk'h ho divided 
th(^ animal kingdom into the two primary subdivisions of T cr/c- 
hrata and hive rfehri rid. 

If we* scivk now to construct definitions of tin* first t wo classes 
of' tin^ Vertehrata, Ibsens and AnminuA, we shall nu'ct with 
sonu* dilliculties, arising jiavtly Irom tin* wide variations ob- 
s(‘rvable in tin? stiueture of fishes, and partly from the close 
aflinity which (?xists betw('en them and tin* Amphihia, 

No iisli exhibits any trac(? of that tem])oi‘ary appendag(^ of 
the embryo of the higher vertebrates which is termed an amnion, 
nor can any lish be said to possess an alhintois, though the 
urinary Idadder of tisln^s may possibly be a rudiment of that 
structure. The posterior visceral clefts and arches ^ of fishes 
persist throughout life, and are usually nnm? numerous than in 
other vertebrates ; while upon, or in connexion with, them are 

* Tlicidation of tho porror;Uo<l plimynx of to the viVcrral arelies and 

(•lofts ij!! not known. 
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developed villi, or lamella', wliich siiliRcrve tli(' respiratory 
function. 

Median fins, formed l)y j)rolong’ations of the integument, 
supported by one or otlier kind of skeleton, are very eliaraeter- 
istie of fishes, and it is rpiestionable if any fisli exists altogether 
devoid of the system of median fin-rays and their sn])ports, 
which liave been termed inter-s})inons bones and cartilages. 
On the other hand, no vertebrates atumal, other thaji a fish, is 
known to }k)ss('SS them. 

W^lion the limbs, or pectoral and vcmtral fins, of iisln'S are d('- 
\eloped, they always exhibit a. more or less complete frijige of 
fin-rays. No amphibian is known to possess such I’ays in its 
lateral appendages, but there is some, reason to belit'va* that the 
(ixtiiK't leldh/j/osauria may have been provided with them. 

in most fishes, the nasal sacs do not comminiicate din'ctly 
with the cavity of the month, but the MijxinoidH and Lppidosirm 
are exceptions to this rule. 

The blood-cort)UScles of fishes are always nncleatc'd, and an* 
commonly red, but by a singular exception those ol‘ Aniyliioxm 
(the Lancelot, which is an exce|)tion to most rules of piscine 
organization) aro colourless. 

Almost all fishes have the heart dividc'd into two ani'icles 
and om^ ventricle ; but Ampliioxus, as I hav(‘ pia'vionsly staff'd, 
is devoid of any special lu'art, being ])rovid(‘d instf'ad wifh a 
number of contractile, vascular dilatations; whih' Lepidosin^n 
possesses two anrif'les, and, at tin? saim' tinu', is piovid(‘d with 
true lungs. 

It is useless therefore to appeal to tlie olfactory organ, the 
bhxxl, the lu'art, or the respiratory organs, for cliaractcu s at once 
universally a])plicable to, and diagnostic of, fish(\s. 

The Amphibia (or Latrachians, Salamandroids, Coadlim, and 
Ijabyrinthodonts) resemble fishes, and differ from all other verte- 
brates in the entire absence of an amnion, and in having only 
the urinary bladder to represent the allantois. They have red 
nucleated blood-corpuscles. Yet again tlioy ivsfunble fisht^s, and 
dith'r from all other vertebrates in the fact that filaments exor- 
cising a respiratory function, or branchut', are devc'loped from 
their viscei*al arclies during a long(ir or shortf'r period. 
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Nx)ne arc known to he ])fovide(l witJi inedian iins supported 
by ilu-rays, and tlunr limbs are never frin^md witb lin-rays. 

Furtliorinoro, in all Amphibia ^yh}rh possess lilt ibs, tin ‘ skek'- 
toii of these limbs is divisible into parts wliieh ()b\ ionsly corre- 
spond witli tliose found in the higher vert(hratos. That is to 
say, in the fore limbs there are cartilages, or bom^s, answering in 
their essential characters and arrangement to the hnmerus, radins 
and ulna, car[)us, metat aipus, and phalanges; ami, in the hind 
limb, to the femur, tibia and tibula, tai'sus, metataTsus, and jilia- 
hinges ()f the higlau* vertebrates. Hi is is the case in no tish ; 
Ibr, whether tishes possess ^mrts coiT(\spon(ling with the hnmerus, 
radins and ulna, i'vae, or not, certain it is that the elements ol‘ 
their limb skeh'lons ari' very diftercmtlv disjiosed from the ar- 
ra,ngement which obtains \w Amphibia and in higher vertebrates. 

In all Amphihla the skull ariicnlat(‘s with the spinal column 
1)y two condyles, and tlie basboccipital rmnains nnossilied. 
Furthennoiv, tlie cranial [icdunehe or snspensoriiim, to wdiich 
the lowcn* jaw is artiiadab'd, giv(‘s attachment to th(^ hyoidmn 
a[)paratus. 

Tlies(‘ last are (diaracters by which th(‘ Amphihla am sharply 
distinguished from the higher vert(‘brat(‘s. 

hlu‘r(‘ is a striking contrast between the close allinity of the 
iish and tin* amjdiibian and tin* wide separation of i\\(\ Amphibia 
from tlie sncceialing classi's. all of >\hich possess, in the emlu’y- 
onic state, a we]]-deve]op(‘d amnion and allantois, thr* latter almost 
always taking on, directly or indirectly, a respiratory tnnction. 

Tlie amnion is a sac lilh'd with fluid which envelopes and 
sh(‘lters the embryo, during its slow' assumjition of the condition 
in wTiich it is competent to breathe and leceive food from with- 
out. The mode of its formation is shown in the accompanying 
figui’cs of the early stages of dc^velotmumt of the cannmoii*- fowl. 
Fig. Ml, A, represents the tii'st st(^[i in tin* differentiation of the 
embryo from the central portion of the bha.stoderm— that thin 
membranous cellular ('xpansion which li(^s on the surface of the 
yelk wdiero wcj see tla^ cicatrierda, or tread."*’ A well-defined, 
though shallow^ straight groove, jn-imitive groove,” bounded 
at the sides by a slight elevation of tin* blastoderm, indicating the 
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position of the future longitudinal axis of the body of the chick. 
Soon, the lateral boundaries of this groove, in what will become 

Fig. 31. 



. " Fig. 31. — Development of the. Cliick. 

A. First rudiment of the cmbiyo ; r/, its cephalic - 6, its caudal end ; c, primitive groove. 

B. The embryo further advanco'd; a, h, Cy as before; d, the dorsal laminae developed in 

the cephalic region onlyj“aud nearly uniting in the middle line; c, the proto -vertebraa 

C. Letters as before. The dersal laminae have united throughout tlie greater part of the 

cejthalic region, and are beginning to unite in the anterior spinal region. 

D. Embryo further advauced (second day), the dorsal larainie having united throughout 

nearly the ir”* whole length. The proto- vertebrae have inci’eased in number, and the 
omphalo-meseraic veins,/, are visiM<^. 

The embryos are drawn of the same absolute length, but it will be understood that the 
older embryos arc, in nature, longer than the younger. 
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the anterior region of the bod gi’ow up into plates — the dorsal 
lamiiife (Fig. 31, B) ; and these dorsal lamina?, at length 
uniting, inclose the future cerebro-spinal cavity (Fig. 31, C, D). 
Tlie blastoderm, beyond the region at which the dorsal laminae 
are developed, grows downwards to form the ventral lamina?, and 
where the margins of these pass into the general blastoderm, 
the outer serous, or (epidermic, layer rises up into a fold, which 
encircles the whole embryo ; and the anterior and posteiior parts 
of this fold growing tnore rapidly tlian the lateral portions, form 
a kind of hood for the cephalic and caudal ends of the body 
respectively (Fig. 32, E). The margins of the hoods and of 


Fig. 32. 



Fig. 32. — Developmeut of ihe Chipk. 

E. Embryo at the third day ; _</, heart ; A, eye ; ear ; k, visceral arches and cleUs ; 

'/», anterior and posterior folds of the amiiiQjn, which have not yet united over the 
body; 1,2, 3, first, second, and third cei^b'al vesicles; lu, vesicle of the third 
ventricle.' 

F. Chick at the fifth day ; n, o, rudiments of the anterior and posterior extremities ; Am, 

amnion ; All, allantois ; f/m, umbilical vesicle. 

G. Under view of the head of the embryo F, the lirst^sceral arcli l&eing cut away. 
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their lateral continuations at le4gtli meet over the middle line 
of tlie body, and there coalesce : so that tlie body is covered for 
a Avhile by a double sac, the inner layer of which is formed by 
tliat wall of the fold of the serous layer whicli is inferior, or 
nearest to the body of tlie embryo ; while the outer layer is 
formed by that wall wliioli is siit)erior, or furtliest from the body 
of the embryo. The outer layer eventually disappears as a dis- 
tinct structure, wliile tlu^ inner remains as the amnion. From 
the mode of formation whi(*h has been des(Tibed, it results tliat 
the amnion is a sliut sac, (aiveloping the body of the einbryo; 
and is continuous, on the ventral side of tl^c body, with the in- 
tegument of a region whicli eventuallv becomes the umbilicus 
(Fig. 32, F). 

The allantois is developed mueli later than the amnion, 
noitlier from the serous nor from the mucous (or (‘pid(uani(‘. and 
(^]>ithelial) layers of the germ, but from that intormediato stratum 
wdionce the bones, muscles, and vessels are evolved. It arises, 
as a sf)]id mass, from the under part of tlie body of the embryo, 
hohiiid the ])rimitive intestinal cavity ; and, (mlargiug, becomes 
a vesicle, which rapidly increases in size, (‘uvelopes the w^hole 
(unbryo, and, being abundantly supidied wdth artoihil vesseds 
from the aorta, serves as the great instrument of respiration 
dui-iiig ftjetal life ; the })orosity of the egg-shell allowing the 
alhintoic blood to exchange its excess of carbonic ficid for 
oxygen by osmosis. 

Tlie amnion and the external part of the allantois are tJirowu 
off at birth. 

Tliat which has just been stated ]*cspccting the devolopnnmt 
and characters of the amnion and allantois of the chick is true 
not only of all Birds, but of all lieptiUa, 

All embryonic IIeptilta are provided with an amnion and an 
allantois, like those just described in the fodnl fowl. In the 
embryonic state, also, they jmssess visceiiil arches and clefts, hut 
no respiratory tufts arc ever developed in the arches, nor are 
reptiles endoAved with an -ajiparatiis for breathing the air dis- 
solved in water at any period of their exisien(^e. The skull of 
aU llejptilia is articulated with the vertebral column by a single 
condyle, into Avliieh thp ossihed basi-occi])ital enters largely 
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(Fig. 33). Each ramus of the lower jaw is composed of a number 
of pieces, and articulates with the skull, not directly, but by the 

Kig. 



Fig. 3i). — Th(.‘ occipitjil rondylc of a Crocodilo’s skull viewed from behind. — /?.0, liasi- 
oecipital ; Ex-oceipital ; N.O, Supra-oceipital. 

intervention of a bone — the os quadratuin — willi whi(di tlie 
hyoidean apparatus is not immediately connected (Fig. o4). 

Fig. o4. 



J'’ig. 34. — The skull of u Lizard (Cuclodns). — T) D, Dentary piece of the lower jaw ; 

Qu, Os quadiatuin ; Sq^ Squamos<a). 

Tlie fore-limb of Keptiles never takes the form of a wing, such 
us is seen in Birds ; the wing ’’ of the remarkable extinct flying 
reptiles, the Fterodacfyles, being constructed on a totally dif- 
ferent principle from that of a bird. In no known reptile, again, 
are the metatarsal and tarsal bones anchylosed into one bone. 

In all lieptilia the greater and lesser circulations are directly 
connected together, within, or in the immediate neighbourhood 
of, the heart ; so that the aorta, which is formed by the union 
of two arches, contains a mixture of venous and arterial blood. 
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The blood is cold, and tlie majority of the blood-corpusclcs are 
red, oval, and nucleated. The bronchial tubes are not connected 
at the surface of the lungs Avith terminal saccular dilatations, or 
air-vesicles. When, as is ordinarily the case, the su])orfieial 
layei's of the epidermis of lieptiles are converted into horn, the 
corneous matter takes the form of broad plates, or of overlapping 
s(*alos, neither plates nor scales being developed Avithin pouclies 
of the integument. 

The class of Aves consists of animals so essentially similar 
to Keptiles in all the most essential features of their organization, 
that Birds may be said to be merely an extremely moditied and 
aberrant licptilian type. 

As I ha ve already stated, they possess an amnion and a respi- 
ratory allantois, and the visceral arches ncAnr develop bi anchial 
ap})endages. The skull is articulated Avith the vertebral column 
by a single condyle, into Avhich the ossified l)asi-occipital enters 
largely. Each ramus of the lower JaAv, composed, as in Keptiles, 
of a number 6f pieces, is connected with tlie skull by an os 
(juadratum, to Avliich the hyoidean ap})aratus is not suspended. 

In no (existing bird does the terminal division of tln.^ fore-limb 
possess more than two digits terminated by claws, and the meta- 
(airpal bones are commonly anchylosed together, so that the 
‘‘ manus ” is of little use, sa.v(‘ as a support for feathers. 

In the hind limb of all birds the tarsal and metatai'sal bones 
become more or less completely fixed, and th(3 latter, anchylosed 
together, so as to form a single osseous mass, the tarso-meta- 
tarsus.” 

The gieater and lesser circulations of biiTls [ire completely 
separate, and tlu 3 rc is only one aortic arch, the riglit. The right 
ventricle has a muscular valve. The Idood is hot, hotter on the 
average than that of any other vertel)rates, and the majority of 
the blood-corpuscles arc oval, red, and nucleated. The broTi- 
chial tubes o])en upon the surface of the lungs into air-sacs, 
which differ in number and in development in different birds. 
I.astly, the integument of birds is always provided Avith horny 
appendages, Avhich result from the conversion into horn of the 
cells of the outer layer of the epidermis. But the majority of 
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these appeiKlagos, wliicli are termed feathers,” do not take the 
form of mere plates developed nj»oii the surface of the skin, hut 
are evolved Avithin sacs from the surfaces of coiiical papillm of 
tlie dermis. The external surface of the dermal papilla, whence 
a feather is to be developed, is provided upon its dorsal surface 
with a median groove, which becomes shallower towards tlio 
apex of the papilhi. From this median groove lateral furrows 
proceed at an 0 ])cn angle, and passing round upon the under 
surface of the papilla, bc^come shallower, until, in the middle lino, 
op])Osite the dorsal median groove, they become obsolete. Minor 
grooves run at riglit angles to the lateral furroAvs. Hence the 
sinface of the pajulla has the character of a kind of mould, and 
if it were repeatedly dipped in such a suljstance as a solution of 
gelatine, and withdrawn to cool until its whole surface was covered 
with an even coat of that substance, it is clear that the gelatinous 
coat Avould b(3 thickest at the basal or anterior end of the median 
groove, at the median eiids of the lateral furrows, and at ihose ends 
of the minor grooves which oj)en into tliein ; while it would bo very 
thin at the ajjices of the median and lateral grooves, and between 
the ends of the minor grooves. If, therefoi'e, tlio hollow cone of 
gehatino, removed from its mould, ivere stretched from within ; or 
if its tliiiinest parts became weak by drying ; it would tend to give 
way, along tlio inferior median line, opposite the rod-like cast of 
tire median groove and between the ends of the casts of the 
lateral furrows, as well as between each of the minor grooves, 
and tlie hollow cone would expand into a flat feather -like struc- 
ture with a median shaft, as a vane ” formed of barbs ” and 
'' barbules.” In point of fact, in the development of a feather 
such a (aist of the dermal papilla is formed, tliough not in 
gelatine, but in the horny epidermic layer developed U])on the 
mould, and, as this is tln-ust outwards, it opens out in the 
manner just described. After a certain period of growdli the 
papilla of the feather ceases to be grooved, and a continuous 
horny cylinder is formed, w hich constitutes the “ quill.” 

Between Aves and Mammalia there is a hiatus, not perhaps, 
in some respects, quite so wide as that between AmjAiibia and 
lleptiUa, but still very considerable. 

All Mammals possess an amnion of an essentially similar 
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cliaracter to tl\at of Birds and Reptiles, and all have an allantois. 
But the latter cither ceases to exist after a very early ])eriod of 
fetal' life, or else it is placentiferous,” and serves as the means 
of intcTCommnnicatiou betAveen the ])areiit and the offspriup^. 
Of the nature* and characters of the placenta ’’ developed in the 
majority of the Mammalici I shall speak more particularly by 
and by. For the present, I ])ass it over as a structim? not uni- 
versally characteristic of the class. 

The visceral arches are, throughout life, as completely devoid 
of branchial appendag(\s in Mammals, as in Birds and Reptiles. 
In the skull, the basi-oc(*ipital is well (ossified, and, with the ex- 
occi[)itals, enters into the formation of the cranio-sjnnal articula- 
tion ; the occipital (*ondyle thus formed, however, is not single', 
as in Reptiles and Birds, but double, and the atlas has corre- 
sponding articular facets. 


Vvr, Tjr). 



I'ic;. iir>. — 'I'he occijMtnl comlylcs of a Dog's skull viowod from behind, — Signihratioii of 
the letters as in Fig. dd. 

I'juch vamiis of tlic lower jaw is composed of only a single 
piece, and tin's articulates directly with the squamosal bone 
of tlto skull, aud not with the representative of the quadrate 
bone. 

The greater and lesser cireulations of Jrammals arc as com- 
pletely distiiK't as in Birds, and there is but a single aortic arch, 
the left. The majority of the blood-corpuscles are red, free 
nuclei, aud these are always discoidal, and usually circular in 
form. 'Idle blood is hot. Then; is a complete dia])hragm, aud 
none of the hroiielii cud in air-sacs. 
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Some part or other of the integument of all JMamnials exhibits 
“hairs” — horny modifications of the epidermis — ^^wdiich so far 
resemble feathers, that tlicy are developed upon papillm inclosed 
within sacs ; but, on the other hand, differ from tlie homy ap- 
pendages of birds, in not s^ditting up as they arc protruded, in 
the fashion so characteristic of feathers. 


Kis. 3G. 



— The skull of a Dog.— -7). Kamus of tlio lower jaw; Sq. Squamosal. 


Finally, all Mairiiiials arc provided with organs for the secre- 
tion of a fluid which subserves the nourislunent of the young 
after birth. The fluid is milk ; the organs are the so-called 
‘^mammary ” glands, and may probably be regarded as an ex- 
treme modification of the cutaneous sebaceous glands. These 
glands arc aggregated into two or more masses, disposed upon eacF 
side of the median line of the ventral surface of the body ; and, 
in almost all Mammals, the aggregated ducts of each mass open 
upon an elevation of the skin common to all — the mpple or 
teat. To this the mouth of the newly-born Mammal is applied, 
and from it, either by suction on the part of the young, or by 
the compressive action of a special muscle on the part of the 
parent, the nutritive fluid makes its way into the stomach of the 
former. 
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LECTURE V. 

ON THE CLASSIFICATION OF ANBIALS. 

ON THE ARRANGEMENT OF THE CLASSFS INTO I.ARGjRi 

GROUPS. 


.llAvrNG HOW arrived at tlic end of tlio list of classes, and liavino* 
endeavoured to furnish you with a statement ol‘ tlie structural 
features common to, and characteristic of, ea(‘h (dass, it will be 
my next object to discuss the relations of these classes one to 
another, and to inquire how far they present such common 
characters as will enable us to group them into larger divisions. 

And, to commence^ with the highest classes, it is clear that 
tlie Mammalia, Ave^i, and Ilepf/ilia are united together by ccu’tain 
very striking features of their development. All possess an 
amnion and an allantois, and are devoid, throughout life, of any 
apparatus for breathing the air which is dissolved in wat(?r. In 
other words, they constitute what lias been termed the “pro- 
vince” of Abranchiate VePvTebrata, iji (*ontradistin(dion to 
Fiscen and Amjjhihia, which j)()ssess no amnion, nor allantois 
tor at most a rudimentary one), and, being always provided at a 
certain period, if not throughout life, with branchim, have been 
called Hranciiiate Vertebrata. 

The abranchiate, however, form a far less homogeneous as- 
semblage than the branchiate Vertebrata — Mammals being so 
strongly separated from Reptiles and Rirds that I am disposed 
to regard them as constituting one of three primary divisions, or 
provinces, of the Vertehrata, The structure of the occipital 
condyles, the structure and mode of articulation of the maiidi- 
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bular rami, tlio presence of mammary glands, and tlie non- 
nncleated red blood-corpnsdes appear to separate Mammals as 
widely from Birds and Reptiles as the latter are separated from 
Amphibia and Fishes. 

Fhus the classes of the Vertebrata are capable of being 
grouped into tliree provinces: (I.) the Ichthyoids (comprising 
h'islies and Amphibia), defined by tlie [)i*esenco of branchim 
at some period of existence, the absence of an amnion, the 
absence, or rndimentary development, of the allantois, nncle- 
at(Kl blood-corpuscles, and, as will be seen by and by, a para- 
sphenoid in the slvull ; (11.) the Sauroids, defined by the absence 
of branchiae at all periods of existence, the presence of a well- 
developed amnion aiid allantois, a single occipital condyle, 
a complex mandibular rainns articulated to the skull by a 
quadrate bonc), nucleated blood-corpuscles and no paiasphe- 
noid, comprising R(q)tiles and Birds ; and (111.) the Mammals, 
devoid oi branchiu' and with an amnion and an allantois, but with 
two occipital condyles and a well-developed basi-occipital and no 
parasphenoid ; a simple mandibular lamus ai’ticulated with the 
squamosal and not with the quadratum, with mammary glands and 
with red non-iiucleated blood-corpuscles.'^ 

These live classes, whether divided into two or three pro- 
vinces, again, pres(mt so many characters, already enunnuated, 
by which they resemble oiui another, and differ from all otlier 
animals, that, by universal consent, they are admitted to form 
the group of Veetebuata, which takes its place as one of the 
primary divisions or “ sub-kingdoms of the Animal Kingdom. 

The next four classes — Imecta, Myriapoda, Arachuida, Crus- 
tacea — without doubt also present so many characters in common 
as to forju a ve7y natural assemblage. All are provided ^vith 
arti(*ulatod limbs attached to a segmented body-skeleton — the 
latter, like the skeleton of the limbs, being an exoskeleton,’^ 
or a hardening of that layer which corresponds with the outer 
part of the epidermis of Vertebrates. In all, at any rate in the 
embryonic condition, the nervous system is composed of a double 

* U'o tliosr may be added the absence of the corpus callosum in the brain of 
Sauroids and its presence in Mammals. See nolo p. 80. 
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( liain of ganglia, united by longitudinal eominissures, and the 
gullet passes between two of thcs(3 coininissiires. No one of tlie 
ineiubers of these four classes is Iciiown to possess vibratile cilia. 
'11 le gn'at majority of these animals have a distinct heart, pro- 
vided with valvular apertures, which are in communication with 
a perivisceral cavity containing corpusculated blood. But the 
Cirriimlia and the Ostracoda among Crustaceans, and many of 
the Mites among Araehnida, have as yet yielded no trac(3 of 
distinct circulatory organs, so that the nature of these organs 
cannot be taken as a universal character of the larger group wo 
are seeking ; still loss can such a character be found in the 
respiratory organs, \vhicli vary widely in (*hara,cter, and are 
often totally absent as distinct structures. Some years ago I 
(iudoavoured to show^ tliat a striking uniformity of compo- 
sition is to be found in the lu^ads of, at any rate, the more highly 
organized members of these four classes, and that, typically, the 
head of a Onistactean, an Aradmid, a Myria|)od, or an Insect is 
composed of six somites (or segimmts (*orrcspondiiig with those 
of the body) and their ap])endages, the latter hewing modified so 
as to servo tlie purpose of sensory and mandiicatory organs. 1 
beli(‘ve this doctrine to bo substantially correct; and that, 
leaving all hypothetical suppositions aside, the head of ariy 
animal belonging to th(^sc classes may bo (lemonstratiid to 
contain never fowler than four, and never more than six somites 
with their appendages ; but, until this view has received confir- 
mation from other workers, I shall not venture to })ut foiavard 
any statement based u])on it as part of the definition of the 
largo group or province ’’ containing the fom* classes above 
mentioned, which lias received from some naturalists the name 
of Autioui.ata, from others that of ARTiiiioroDA, the latter 
being perhaps the more distinctive and better appellation. 

The members of the class Annelida present marked ditfer- 
(uiccs from all the Arthropoda, but resemble them in at least 
one important particular ; and that is, tlie arrangement of the 
nervous system, which constitutes a ganglionated double chain, 
traversed at one point by the a^sophagus. In almost all other 

* “ Ou lljo Agamic Keproduclioii and JMorpliol(»'i:y nj’ ylp/i/V,” Tramactiom of 
iho LltDiRum Society, vol. xxii. 
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respects, Annelids difler widely from Artliropods. It may 
be doubted wlietlior any Annelid is devoid of cilia in some part 
or other of its organizntion, and cilia constitute the most im- 
portant organs of locomotion in the embryos of many. No 
Annelid possesses a Iieart communicating by valvular apertures 
with the perivisceral cavity, none have articulated limbs, and 
none possess a Iiead composed of even four modifled somites. 

Most Annelids are provided with that peculiar system of 
vessels termed pseudo-hoBmal but, in some, that system lias 
not yet Ix^en discovered. 

In endeavouring to separate from among invertebrated 
animals a first large grouj), comparable to the Vertehrata, it 
appears to mo that the resemblances between the Annelida and 
tlie Arthrajioda outweigli the differences ; and that the characters 
of the nervous system and the frequently segmemted body, 
with imperfect lateral appendages, of the formei*, necessitate 
their assemblage with Ihe Arihrojwda into one great division, or 
‘‘sub-kingdom,” of Annolosa. 

But wliat of the Echinodermafa and the Scolecida? Should 
l)()th these great classes be also ranged under the Ammlosa ; 
or do they belong to diffcreiit sub-kingdoms; or, if they belong 
to the same, slionld they constitute a sub-kingdom of their own ? 

I will endeavour to reply to these questions in succession. 
Whether these two gioups belong to the Anmdosa or not, must 
depend upon Avlietlicu- they possess any characters in common 
with the Artlm/poda and Annelida other than those which they 
have in common with all animals. I can find none of any 
gi-eat moment. No Echinoderm, or Scolecid, has a definitely 
segmented body or bilaterally disposed successive pairs of 
appendages. None of these animals has a longitudinal chain 
of ganglia. 

On the other hand, there is much resemblance between the 
ciliated ]arv<x‘ of some Scolecids and Echinoderms, and those of 
Annelids; and the form of the body of many Scolecids is so 
similar to that of one of the most lamiliar of Annelids, as to 
have earned for both them and the Annelids the common title 
of “ worms.” Nor must it be forgotten that, in the Annelids^ 
there seem to be representatives of that singular system of 
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vessels which attaiiis so large a developHiont as the water- 
vascular’' apparatus in many Seolecids. 

Whatever value may bo attached to these resemblances, it 
must, I think, be admitted that, in the present state of our 
knowledge, it is impossible to affirm anything absolutely common 
to, and yet diagnostic of, all Annulosa and all Echinoderms and 
Scolecids. On the other hand, there can be no doubt as to the 
many and singular resemblances which unite the Scolecids and 
the Echinoderms together. The nervous system of the Echi- 
noderm may present considerable differences from that of a 
Trematode or Kotifer, but it must be recollected that the com- 
parison is not a fair one, seeing that the mouth and gullet of an 
Ecliinodcrm, round which its nervous ganglia are arranged, are 
not, strictly sj)eaking, the same as the parts so named in a 
liotifer, but arc new developments. 

And it is exactly in that anomalous method of development 
of the Echiiioderin within its larva, which is so chaiTu^tei’istic 
of the whole group of EcMnodernuitay that this (dass exhibits its 
strong alliaiice \vith the /Sco/cc/tZu; the T-urheUaria and Tmiiada 
exhibiting the only ap{>roach to the method of Ecliinodcrm 
development known in the .Vnimal Ivingdoin. 

A singular larva studied by Johannes Muller, in one of his 
many fruitful visits to the seashore, and termed liy him FlUdium, 
has furnished, in the hands of subsequent observers (mor(i espe- 
cially l^rohn, Jjeuckart, and Pagcnsteclier), ample proof that 
a Nemertes (a genus of TurhcWirki) may be developed in a 
manner altogether similar to tliat in wliich an Echinoderni 
takes its origin. 

The Pilidimn (Eig. 37) is a small, li(dmet-sliaped larva, 
with a long flagellum attached like a plume to the summit of 
the helmet, the edges and side lobes of which are richly ciliated. 
A simple alimentary sac opens upon the under surface of the 
body between the lobes (Fig. 37, a). 

In this condition, the larva swims about freely ; but, after a 
while, a mass of formative matter appears upon one side of 
the alimentary canal, and, elongating gradually, takes on a 
worm-like figure. Eventually it grows round the alimentary 
canal, and, appropriating it, detaches itself from the Filidium 
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as a Nemertid — provided with tlio characteristic proboscis, and 
the othei’ organs of that group of Turhellaria. 


37. 



Fig, 37, — PiliiUinn (jifrans (after Louckart and Ikigeiistc'cluae. 

A. Young J^ilidiujn : <7, alimentary canal; b, rudiment ol the Nemertid. 
n. Jb'lidiujn. u ith a more advanced Nemertid. 

C. NewJy-fieed Nemertid. 

]\faijy Trematoda, and all I'tenioid Scolecida, again, present 
an essentially similar })ro('ess of internal gemmation, in virtue of 
whuili either a separate offspring arises, or an tidult is developed 
^vithin an embryonit? form ; but in these cases the appropria- 
tion of tlie intestine of the jirimary by that of the secondary 
form, whicli.renders the ordinary development of the Echinoderm 
so strilving, does not occur. 

In discussing the characters of the EeJunodermata, I liave 
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described at lengtli the ambiilacral system ; and, in speaking ot‘ 
the Scolecida^ 1 have no less insisted upon tlie peculiarities of 
the ^'water-vascnlar system.” But it is impossible to compare 
these two systems of vessels without being struck by tlieir 
similarity. Each is a system of canals, opening externally, and 
ciliated within ; and the circumstance that the two apparatuses 
are turned to different purj)oses in two distinct gi’oups of the 
animal kingdom, seems to me no more to militate against their 
homology, than the respiratory function of the limbs of Phyl- 
lopod Crustacea militates against the hojnology of these limbs 
with the purely locomotive appendages of other Crustaceans. 

Thus it appears that the EcMnodermaia and the Seole- 
eida are so closely connected that they can by no means 
be jdaced in separate sub-kingdoms ; and in the course' ol* 
studying the other sub-kingdoms it vill be rpiite obvious that, 
unless they are to occupy an independent position, there is no 
place for them anywhere, save among the Anmdosa. I have 
hitluado been accustomed to consider them, uiuha* the name of 
the Annhi^oida, as a division of this sub-kingdom ; but until 
some structural charader can be discovered by ^yhieh all the 
Amiuloida agree with the xinnuhsa^ and differ from other 
animals, I am much incliiu'd to think it Avould conduce to the 
formation of clear conceptions in zoology if the Annuloida were 
regarded as a distinct primary division of the Aniinal Kingdom. 

If we ]iow turn to the other column of classes of invertebrate 
animals (supra, p. b), the four last on the list, viz., Cvphahpoda, 
Pteropoda, P idmog aster opoda, and Brauehiogasteropoda, have a 
number of well-marked characters in common. In all, the 
nervous system is composed of three principal pairs of ganglia — 
cerebral, pedal, and parieto-splanchuic — united by commissures. 
All possess that remarkable buccal a])paratus, the odontophor(‘, — 
whence I have ventured to pro})ose the name of Odontopiioka 
for the group. The circulatory and respiratory organs vary a 
good deal, but none are providcHl with double lamellar gills u})on 
each side of the body. 

The Lamellihranchiata stand in somewhat the same relation 
to the Odontophora as the Annelida to th<‘ Arthropoda. The 



80 


ON CLASSIFICATION. 


Laraellibranchs liave the three fuiulamental pairs of ganglia of 
the Odontoplioraf but they possess no trace of the odoutophore. 
Furthermore, they are all provided with bivalve external pallial 
shells, the valves being right and left in relation to. the body. 
No shell of this kind is found in any of the OdontopJiora. 
Almost all Lamellibranchs, lastly, liave a pair of lamellar gills 
on each side of the body, and all are provided with aiirienlate 
liearts. .No doubt the Odontopliora and tlie LameUihrancMata 
properly form parts of one and the sam(3 sub-kingdom, Mol- 
LirscA, and the three classes which follow, viz., the Aseidioida^ 
Brachiopoday and Bohjzoay are usually included in the same sub- 
kingdom. 

But the dilliculty of framing a definition whi(*h sliall include 
the last-named classes witli the LarmlUhranchiata and Odontopliora 
is almost as great as in the ])arallel case of the Anniiloida and 
Annuhm ; while, on the other hand, the Aseddians, Brachiopods, 
and Bolyzoa exhibit many features in common. Thus the ner- 
vous system is greatly simplified in all tliree classes, consisting, 
in tlie Ascidioida and Polyzoa^ of a single ganglion, sending 
perha])s a commissural co]*d round tlie gullet. In tlie Bracliiopoda 
tlie chief ganglia, which appear to be the homologues of the pedal 
ganglia of the higher mollusks, and are connected by a, circum- 
oisophageal cord, are combined with a(*cessory ganglia, but these 
do not seem to be identifiable with the pedal or the parieto- 
splanchnic ganglia. 

Again, the fact that the heart, when present, is of a simple 
tubular, or saccular, character, and is devoid of any separation 
into auricle and ventricle, constitutes a wi(h‘ difference between 
these three classes and the higher Mollusks. On the other 
liand, these classes, whieli may be conveniently denominated 
Molluscoida, resemble one another in the fact (so far as I am 
aware there is only one exception, App(mdmdaria) that the 
mouth is provided with (filiated ttmtmuila, disposed in a circle, 
or in a liorse-shoe shape, or fringing long arms ; that it leads 
into a large, and sometimes an exceedingly large, pharynx ; and 
that in two of the three, at haist, that system of cavities commu- 
nicating with the exterior, which lias been called tlie ‘‘atrial 
system,” is greatly developed. 
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1 cannot doubt, then, that the Molluscoida forni a natural 
assemblage ; but, until the precise characters, if any exist, which 
unite them with the Molhisea proper can be clearly deiined, I 
am inclined to think it might be better, as in the case of the 
Annuloida, tol recognise them as a separate division of the 
Animal Kingdom. 

Tlie next two classes — the Aetuiozoa and the Hydrozoa — con- 
stitute one of the most natural divisions of the Animal Kingdom 
— th (3 C(ELENTERATA of Frcy and Leuckart. In all these ani- 
mals, the substanc(‘ of the body is di ffejxmtiated into those histo- 
logical elements which have l)een termed cells, and the latter 
are piimarily disposed in two layers, an external and an internal, 
constituting the ^‘ectoderm” and '■'Amdodenn.” 

Among animals whii^h possess this histologl(*al structure, the 
Cidmterata stand alone, in having an alimentary canal, which 
is oj)en at its inner end and communicates freely, by rneajis of 
this aperture, with the g(3neral eavity of the body. In a largo 
proportion of those animals the prehensile organs arc liollow 
tentacles, disposed in a circle around the mouth, and all (unless 
the Ctenopliora should prove to be a partial cxet^ptiou to the 
rule) are provided with very remarkable organs ol oflcuioe and 
defence, termed ^‘thread codls or ‘Aiomatocysts.” These, 
when well exhil>ited, as, for (‘xamplo, by tlie common iresh water 
])olype {Hydra\ are oval, elastic sacs, cojitainiug a long coiled 
filament, barbed at its base, and serrated along tlie edges. 
When fully developed, the saCvS arc tensely filled with lliiid, and 
the slioditest touch is sufficient to cause the retroversion of the 

O 

filament, wliich then projects beyond the sac for a distance, 
which is not nncommonly equal to many times the length of 
the latter. These fine filaments readily penetrate any delicate 
animal tissue with which they are Inonght into contact, and 
cans (3 great irritation in the human skin when they are ol largo 
size. Nor can it bo doubted that they exert a similarly noxious 
iiifiiieuce upon the aquatic animals which are seized by, and 
servo as ])rey to, the Adinozon and Hydrozoa. Oharacteristic as 
th(?se organs are of the Coelonteratcs, however, it must not be 
iiiiagined that they are absolutely peculiar to the sub-kingdom ; 
for some niidibranchiute Mollusca, such as Eolo^. are urmed witli 
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similar weapons, and tlie integument of certain Tiirh^laria, and 
even of some Infusoria, is provided with bodies wlucli seem to 
be of a not altogetlKU* dissimilar cliaraeter. 

No Ccelenterate ])ossesses any circulatory organs, unless tlie 
(alia, wliich line tlie general cavity of the body can be rc^garded 
as sucli; and a nervous system has, at present, be(m clearly made 
out only in tlie Ctenopliova, Here its central mass ocxmpies a 
position which is very unlike tliat in wliich the principal masses 
of the central iku'vous system ai-e found in other invertebrate 
animals, being situated upon that side of the body which is dia- 
metrically ojiposed to the mouth. 

AVluitevcr extension our knowledg(i of the nervous ap[)ai*atus 
of the Ccelcnt(n'ates may, and not improbably will, rectdve from 
future investigators, tln.^ jiositive characters aflbrded by the histo- 
logical features of tiuhr substance, and the Irc'o opening of tlnur 
alimentary canal into the general cavity of the body, arc such 
as to separate them, as a sub-kingdom, as sharply dcHned and 
devoid of transitional forms as that of the Vertehrata, frojn the 
rest of the Animal Ivingdojii. 

(Aeat dil}i(‘ulties stand in the way of any satisfactory group- 
ing of the remaining (hisses, if we are determiiu^d to remain true 
to tlie p>rinci[)lc that the detinition (jf a group shall hold good 
of all members of that grou|), and not of any others, — a ])rin- 
ciple whiih lies at the foundation of all sound chissili(*ation. 

In poss(}ssing cilia, as locomotive and ingestive organs ; in 
being provided with a contractile w^atcr reeepla(do with canals 
proc(:j(jding from it (in some emses at any rate) into the substance 
of the body ; in their tcmdency to become encysted and assume 
a lusting cojidition, the Infusouia undoubtedly exhibit analogies 
witli the lower Annuhida, sucli as the TurheUaria, liotifera, and 
Trernatoda, 

Hut the enlir(» absence^ so far as oin* jiresent knowledge 
goes, of a nervous system, the abrupt termination of tlic gullet 
in a, central semi-fluid sareodic mass, and tlie very peculiar cha- 
racters of the r( ‘productive organs, of tlie Infusoria, separate 
them widely from the Annuhida, though it seems to mo not 
improbable that tlie gap may hereafter lie considerably dimi- 
iiished by observation of tlie lower forms of Turhellaria. 



THE INFUSORIA AND PROTOZOA. 


83 


At present tlie Infusoria are usually regarded as formino; 
part of the same subdviu^dom as the Sjiony/ida, and 

Gre(jarinida^ and as closely allied to them. But, so tVir as 1 am 
aware, no definition can be framed which will yield charaetersat 
on(‘>o common to, and distinctive of, all those four groups ; while 
recent discoveries tend to widen so greatly the hiatus between 
the Infusoria and the other three classes, that I greatly donl)t if 
the sub-kingdom Protozoa can be retained in its old sense. 

P)Ut if the Infusoria be excluded from it, the remaining 
groups, notwithstanding tlie imperfection of our knowl( 3 dge 
regarding some of them, exhibit a (*onsideral)l 0 (‘ommunity of 
partly negative and partly positiv(> characters. 

The Spongida, lihizopoda. and Gregarinida, in (act, are all 
devoid of any delinite oral ajicrture ; a ('onsiderable extent, and 
somi'timt^s the whoh‘, of the outer surfa(*o of the l)ody acting as 
an ingestive apparatus. Purthormore, the bodies of these nni- 
mals, or the constituent partiides of the (‘ompound aggregations, 
such as the Sponges, (‘xhibit inc<\ssant changes of form — the 
body wall bcdng' pushed out at one point and drawn in at anotlier 
— to sirdi an extent, in some cases, as to give rise to long ]ol)ate, 
or filamentous, }U'ocess(v, wliich are termed pscmdopodia.” 

Finally, all these (dasses agrees in the absence of any well- 
defined organs of re[)roduction, innervation, or blood circulation. 

In my first lecture upon Classification, I 2 )assed very iuiefly 
over tlie class Itliizopoda, intending to rcdiirn to tlie discussion of 
its limits, and of the valu(3 of its subdivisions,' wlam discussing 
the sulidivisions of classes generally. But as time will not 
])(‘rinit me to enter at any length uikui tlu' gre/ater part of this 
braiich of my subject, I will contmit mysedf with briefly stating 
the conclusions at which I have arrived from a cand'ul study of 
the extant literature of tlu^ subject, comiunod with some old 
investigations of my own. 

It apjiears that three, or perhaps four, tyjies of structure 
obtain among tlie Ithizopoda — 

1st. That of the Ama-hw — lihizopods ivith usually short 
psoudopodia, a nucleus, and a contractile vesi<de. 

2nd. That of the Foraminifrra - — Ivhizopods d( void of nuclei 

(; 2 
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and of contractile vesicles, and, for tlie most part, with long 
pseiidopodia, which commonly run into one another and become 
reticulated. 

3rd. That of the Thalassicolh^, provided with structureless 
cysts containing cellular (dements and sarc'odo, and surrounded 
by a layer of sarcode, giving off pseudopodia, which coinmonly 
stand out liln^ I'ays, but may and do run into one another, and 
so form networlvs. 


oS. 



38, — Sphxr.rozo'iiii ovodinuivc (.'ittor Haeckel), oik* ot‘ the ThaUissicolhr, 


While a fourth type of structure is proliably furnished by 
those anomalous creatures, the Aeinetoiu the radiating |>rocesses 
of which serve as suctorial tubes down which tluj juices of their 
jirey are conveyed. 

That the lihizopoda are divisible into at least three groups, 
corresponding to the three first-mcmtionod ty])cs of organiza- 
tion, seems to me unquestionable ; but it is another matter, and 
one on whi(di I offer no opinion, what should be the exact 
limits of these groups, and what denominations we ought to 
employ for them. And it must be recolh^cted that, so long as 
naturalists are unacquainted with the sexual method of repro- 
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(luction of tlieso aniinuJs, they are, to a certain extent, working- 
in the dark. 

In concinsion, I may sum up the results of this Ic'cture by 
stating tliat, in the ])re.scnt state of our knowledge, tlie wliole 
Animal Kingdom is divisible into eiglit primary categories or 
groups, no two of wliich are susceptible, in tlie present state of* 
knowledge, of being defined by characters which sliall be at 
once conmion and diagnostic. 

These groups are the — 

VEUTEJiRATA. 

A,NN(]L0SA. 

Annuloida. 
Infusoria. 

J^ROTOZOA. 

I leave aside altogetlun* the (piestion of the e((uivaloncy oT 
those groiips ; and, as I liave already stated^ 1 (mfertain some 
doubts regarding tlie permanency of one — thr^ Infiisona — as a. 
distinct })rii!)ary division. Nor, in viinv of tlie many analogies 
b(.‘tw(H‘U the MoUasca and tla^ Molhiseolda^ llio xinnulosa and 
the Annuloida, do 1 think it very ijnpr(.)bablo that, hereafter, 
some common and distinctive charactm’s may possibly b(^ dis- 
covered which shall uriite these paij-s R-sj)ectively. lint thci 
discoveries whi(di sliall effect this simplitic.ation have not yet 
l)e(ai made, and onr classification should expj-ess not antimpa- 
tions, but facts. 

1 have not thought it necessary or <"X])edient. thus far, to 
enter into any criticism of the views of other naturalists, oi^to 
point out in what respect 1 have departed from my own earlier 
opinions. Hut Cuvier's system of (dassifiration has taken such 
deej) root, and is so widely used, that I Ivol bound, in coneJu- 
sion, to point out how far the present attempt to ex})rtvss in a 
condensed form the general j-esiilts of comparative anatomy 
departs from that embodied in tlu^ opening pages of the 'Mlcgne 
Animal." 

'fhe departure is vm-y nearly in the ratio ot the progress of 
knowledge since Cuviers time. The limits ot tlu* highest 


Mollusc A, 

MoLTaiseaiiDA. 

CcELENTECxATA. 
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group, and of the more liighly organized classes of the lower 
divisions, with which lie was so well a(*(piainted, remain us he 
left them ; while the longer groups, of which he knew least, and 
w^hich he threw" into one great heterogenous assemblage, — the 
Badiata , — have been altogether remodelled and rearranged. 
Mil m^-Ed wards demonstrated the necessity of i-emoving the 
Poli/zoa from the radiate mob, and associating them wdth the 
lower Slollusks. Frey and Leuclcart demonstrated the sub- 
regnal distinctness of the Cedenteraia. Von Siel old and his 
school separated the Protozoa, and others have completed tlie 
work of disintegration by erecting the Scolecida into a primary 
division, of Vermes, and making the Echhiodermata into an- 
other. Whatever form tln^ classification of the Animal King- 
dom may eventually take, the Cuvierian Badiata is, in my 
judgment, (dfectually abolished: Init the term is still so fre- 
quently used, that I ha ve marked out those classes of which it 
consisted in the diagram of the Animal Kingdom (p. 6), so 
that you may not be at a loss to understand the sense hi which 
it is employed. 



LEcrruiiK VI. 

ON THli: CLA8SIFICAl\rON OF ANI^^A1.8. 

TUK 8UliDlVIh?10NS OF TJIF MAMMAJ.IA LAJUiKU TJIAN 

OJiDFUS. 

In my last Ipf^tiire J cTuleavonrcd to point out tire grounds uj)on 
wldcli natui'irlists have arrived at the eoncJusion tliat tho dassos 
of the Aidinal Kingdom 2nay he arranged togtdlua- in larger 
^ronps or divisions, sueli as liave Ixam t( 3 i’iued 
“ sub-kingdoms.” If tire time at my dis[)osa,l for the considera- 
tion of (dassiii(*ation 2>^'i’iidtted me to do so, I slioidd now, in 
the logi('al order of my discourse, take tire opposite course ; and 
turning again to tlie list of classes, 1 slionld (Uid(‘avour to indi- 
cate in what inanner tln^y must be subdividetl ink) sub-(*]ass(\s, 
orders, and lesser divisions. Ihit it is needless to say that siicii 
a task as this would rccpiire many lectures, wliile I havc^ only 
one to dispose of; and I ()ropos(i to devote that one to a (*on- 
sideration of the chissi heat ion of that (‘lass, whieli is in many 
respects the most interesting and the most impoi-tant of any in 
the Animid JAingdom, — the class Mam Malta. 

A great many systems of classification of tire Mamviahahavo 
Ix'cu proposed, but, as any one may imagine from the nature of 
th(^< case, only those which have been published within the last 
forty or litty years, or siiu'c our knowledge of the anatomy of 
these animal)^ has a])proached com})letmiess, liavc now any 
seienti^c standing-ground. I do not 2>i‘opose to go into the 
history of those older systems, which laboured more or less 
under the discpialificatioii of being based upon imporfec't know- 
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ledge, but 1 shall direct your attention at once to that important 
step towards dividing the Mammalia into large groups, which 
was taken by the eminent French anatomist, M. de Blainville, 
so far back as the year 181(5. M. de Blainville pointed out that 
the Mammalia might be divided into tliree primary groups, 
according to tlie character of their reproductive organs, espe- 
cially tlio reproductive organs of the female. lie divided them 
into Ornithodelphes,” Didelplies,” Monodelplies or, as we 
might term them, OiiNiTiioBEinHiA, Didelphia, Monobel- 
PHTA. Now, 1 do not mean to assert that M. de Blainville 
delined tliese different groups in a manner altogether satis- 
factory, or strictly in accordance with all the siibserpiently dis- 
covered facts of science, but his great knowledge and acute 
intuition led him to perceive tliat the groups thus named were 
truly natural divisions of the Mammalia. And the enlargement 
of our knowledge by subsequent investigation seepis to me, in 
the main, only to have confirmed Do Blainville’s views. 

The division of the OuNi'niOBELPHiA comprises those two 
remarkable genera of j\[ammals, as isolated in geographical 
distribution as in structure, — Ovnitluyrliynclins and Echidna ^ — 
which constitute the order Monotremata. 

In these animals the angle of the lower jaw is not inflected, 
ami the jaws are devoid of true teeth, one of the two genera only 
{Ornitliorhynehus) possessing horny plates in the place of teeth. 
The coracoid bou§ extends from the sca])uhi to the stermim, 
with which it is articulated, as in birds and most reptiles, and, 
as in many of the latter, there is an episternal bone. There is 
no marsupial pouch, thougli bones wrongly termed ^‘marsupial” 
are connected with the pelvis. But it is to tlic structure of the 
female reproductiye organs that the OrnithodeliMa oWe their 
name. The oviducts, enlarged below into uterine pouches, but 
opening separately from one another, as in oviparous Vertebmtes, 
debouch, not into a distinct vagina, but into a cloacal chamber, 
common to the urinary and genital products ancT to the feces. 
The testes of the male are abdominal in position fbroughout 
life, and the vasa defcfentia open into the cloaca; and not infb a 
distinct urethral passage. The penis is indeefl traversed In;. an 
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urethral canal, but it is open and interrupted at the root of that 
organ. Tu botli sexes, the ureters pour the renal secretion, not 
into the bladder, whicli is connected with tlie up])or extremity 
of tlie cloaca, but into the latter cavity itself. 

In the brain, the corpus callosum is inconspicuous, though 
the question how far it can properly bo said to be absiait 
i*oquires much more thorough investigation tliau it lias yet 
received.'^ We are but very imperfectly acquainted with the 
reproductive jirocessos of these animals, but it is assertial that 
the young are devoid of a placenta. The mammary gland has 
no nipple. 

Like the OrnHlioilclpliia^tXxo division Dtdej.pjiia contains 
but a single ord(u% the Mar supi alia, t\\o great majority of which, 
like the Oruitliodelpliia, inhabit Australia. They alnuist all 
have the angle of the lower jaw in(loctc‘d, and all possess trm^ 
teeth. The (*oracoid is, as in the higher ]\Iammals, anchylosed 
with the sea})ula, and is iiot arti(*ulated Avith the sternum. All 
have tlie so-called ‘‘marsupial” boners or cartilage's — ossitu^a- 
tions, or chondrirications, of the internal tendon of the external 
oblique muscle of tlie abdomen — and the hanales of almost all 
[lossess a fold of the skin of the abdomen above the pubis, con- 
stituting a marsiipium,'' or pouch, within which the young are 
nourished and protected in their early, Indpless condition. 

The oviducts open into vagiiue, wliich are more or less com- 
ph'bly divided into twa) separate ])assag(\s. The testes of the 

* For a number of years 1 have entertained tlie ;^ravest (loiibls rt^spectinoj the 
aeeuraey of tlie doetrine put forth now nearly thirly years !ii;o l)y Professor Owen, 
an<l almost universally r('eeived, tliat the corpm cal/otomi is ahsmd. in Monotrenics 
and Marsiunals, and at one time I ]>e‘^au to eolleot nititeriuls for tlie thorough in- 
vestigidio^of tlio question ; but other occupations intei vcij^il, and the plan was 
la.'ver (-arried out, Nevertlieless, 1 have always expressed' myself cautiously ou 
this suhjeet, and, as the text shows, I wars jiarlieularly guarded when delivering the 
present lecture.’ At that tinn', in fael, I was well aw'ure lliat my friend Mr. Flower 
hud Cvunmenced a series of inquiries into the qiu'stion, and smdi results as Jki had 
then obtained ten^ied greatly to tlie increase of my scepticism. Mr. Flower has 
since been good enough to go carefully with me (.»ver the large sei'ies of <lra\viiigs 
and p^efiaratipfis he has made; and I am prepared io express my entire 

coiicftrrcuce iiiTiis conclusion that the corpus ca//ofi?ew^ Exists, <listinetly develoiicd, 
though not so well as iq monodclphuiis, or placental, Mammals, in both the Dldd- 

pliia ^nd tho Oniithoddphm. 
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males are lodged in a scrotum, wliicli is snspcnded in front of 
the penis ; and the vasa defei*entia open into a complete and 
continnons urethra, which is also the j>assagc by wliicli the urine 
escapes from the bladder, and is perfectly distinct from the pas- 
sage for the fmees, though the anus aiid the termination of the 
urethro sexual ( anal are (Mubraced by the same sphincter. 

Tlic corpus callosum is comparatividy small, as in the Orni- 
iliodel^lna. 

It is stated that the allantois of the emlcryo is arrested in its 
development, and gives rise to no placenta, ddie umbilical sa(3 
is said to acquire a large ])ro})ortiona[ sme ; biit whether it plays 
the part of a placenta for the short pi^riod of intra-uteri ne lii'e, 
or not, is unknown. 

The young am born of very small size, and in a singularly 
imperfect condition; but being ti-ansfemal to tl)e marsupiuni, 
and becoming attached to a long nipph^, su|>plied witli 

milk until they an* able to provide for themselves — the milk 
being, at first, forced into tlieir mouths by the action of a muscle 
spread over the mammary gland. 

In the JIgnodulphia, the angle of the lower jaw is not 
inflected, and they may or may Jiot bo provided with teeth. 
Tlujy never ])ossess marsupial ’’ bones, ddie uterine dilatation 
of the oviducts is always coiisidenible, and Avhether th<‘y have 
common or distinct apertures, the vagina is a single tube, 
though it may be j)artially divided by a septum. The testes 
may vary much in position ; bnt, if they are lodged in a scaotal 
p(>uch, it is never pciuhdoiis by a naiTow iu*(*k ij) front of the 
])enis, as in the Didel]ihki. 

The urinary bladder opens into a distiiu't urethra, which, 
directly or indirectly, receives the vasa dtderentia in the male. 

The corpus callosum is very variable in its development, 
eommo]ily attjiining a much larger size than iji the preceding 
grou])s ; tlio optic lobes are divided into four portions. 

The young are nourislied within the uterus until such time 
as they are competent to suck milk from the teats of the parent, 
to which end the chorion always develops processes pr villi, 
which are well supplied with vessels brought to %}iem by the 
allantois. These i)rocesses becoming interlaced more or less 
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closely with (*.orrospou(lin;^ vascular (level o])nionts of the wall of 
the uterus (and so forinirig a “ placenta ”), an interchange of con- 
stituents takes place hotween tlio fcetal and the maternal blood, 
through the separating walls of the fcetal and maternal vessels. 
In tliis mariner, tlironghout its prolonged intia-uterine life, the 
Monodelpliian hetus is supplied with nourishment and gets rid 
of its effete products. 

7\s the tliree groups instituted by Do lllainville arc cajiable 
of being thus clearly differentiated one from the other, the 
distinctions between them having been only more and more 
cleaidy brought out by the subsecjiient progress of knowledge, I 
can see no ground for refusing to ado[)t his (‘lassificaticjn, or for 
(hmving him that credit to wlii(*h he is fairly entitled for ajiprc- 
Inmding tln^se distinctions. (Certainly, the lat(‘r ])rop(')sition, to 
divide Mammals into two great groups only, Vlacenfalia and 
Ihi'plaeGntalia, cannot be regarded as any impiovernent ujioii 
1 )(' Jllainville’s system, as it ignores tln^ impoitant fact tliat the 

Vn>;. -a. 



I'lg, o9. — Diagrammatic sectiou of a Imuiaii pregnant uterus, with the contained oyuin 
(Ldiigot). ?/., nterns ; I, oviduct; c, cervix uteri; duy decidua uteri; (b\ decidua 
redexa ; decidua scrotina ; c/i, cliorion ; um, amnion ; allantois ; iiinbilical 
vesicle; X', villi which form tiic fmtal part of the placeutM ; villi over the rest of 
the clioriuii, which tnkc no part in tin* j*laceii1al tuiictiou in man. 
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two divisions of the Im/placenialia are separated by cliaracters 
of fully as great importance as those which distfngiiish the 
PlacentaUa and Im 2 ')lacentalia. 

l>iit whetlier tlie ()vniiliodel2i>liia and the Didclphia are re- 
garded (as I believe tliey oiiglit to be) as two of the three 
])rimary separate sulxdasses” of the Mavimalia, or 

Avla^ther they are looked upon only as subdivisions of the Ini- 
jiliicenialia^ there is no doubt that they are, and will remain, dis- 
tinct natural assemblages, the subdivisions of wliich present no 
very great difliculties. 

It is otherwise with , the sub-class Moiio(Mphia~~ vfh\Q\i con- 
tains at least a dozeii orders, the arrangeineut of which into 
gTonps, not only in detail, but in principle, is, and long lias betm, 
a subject of much difli<*ulty, and consequently of controversy. 

Sir Everard Iloine* is commonly (pioted as the originator 
of one of the two systems of classification in vogue at tin:? 
pr(\sent day ; but his vague statements and t‘onfusod notions 
respe(*ting the varying cliaracters of the placenta of the 
Monoddjdua hardly entitle him to that honour, Avhich, in my 
opinion, belongs rather to that eminent man, Jvarl Ernst von 
Baer, of whom it can be truly said that lie has touched no sub- 
ject without throwing a flood of light upon it. Towards the 
end of his famous essay, “ Entorsiich ungen iiber die (jofas- 
verbiiidung zwisclam Mutt(T und Erucht,” published in 1828, 
the following ])assago o(*curs : — 

In the tii’st ])lac(;, I have taken pains to show that the ova 
of mammals are oidy variations of a single type ; and if we 
except the ova of tln^ Marsupials, conc*erning which I can 
form no judgment, all coirsist of the same ])arts; all have a 
placenta; and, in all, some |)ortion of the chorion is smooth. 
The fcetal placenta consists everywhere of the same elements, 
but offers the most remarkable differences in its external dis- 
])osition. It is either — 

1. Merely applied to th(^ matermal placenta, and 
(a) continuous and zone-like. First form. 

{h) divided into many parts. Second form. 


“ CojjjjHtrative Aiiutumy," \ol. iii. 
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Or 2. It and the maternal placenta grow together, and they 
lie, 

(a) in a zone round the egg. Third form. 

(b) at one end of it. ’ t'ourth form. 

Tliese differences, howevei', are developed gradually, and, at 
first, are less iparked.” 

The first form, described in the text of the work, is that 
met wdth in the pig. It is what is now eoinmonly te-rmcd a 
diffused placenta; hut Yoji Baer, more accurate than most of 
his successors^, indicates the confinement of the placental villi 
to the middle of the chorion — ffs prolonged poles nnnaining 
hare — by the term gilrtelformig,” zom>lik('. The second form 
is that exem[)lifi(Hl by the cow and slioep, the cotyledonary 
fiacenta. The third is tin; carnivorous placenta, ternuMl 
zonular. The fourth is tln^ j)lacenta of man, called now-a-days 
diseoidal. 

' The most important cinaimstancc^ ])ointed out by Von Baer, 
liowever, is one which has been greatly overloolced, it* not 
wholly ignored, in subsequent discussions — the fact that tla^ 
differences in tho/er?a of mammalian ])laconta* are subsidiaiw i(‘ 
coni])ared with their differences in structure, more ]nirticularly 
in regard to the extent to which a, maternal eleimait enters into 
the ir composition. 

Eschricht, in the admirable memoir, '•‘Do Ojganis (jine 
llespirationi et Nutritioni Feetus Mammaliuin inserviunt," whieli 
ho ])ul)lislied in lSf37, repeats the ideas of Von Baer, a|)parently 
without being aware of the fact, and enlarges u])on them as 
follow^s (p. 30) : — 

llestat, ut succinctain expositionem ]\Iammalium afteramus 
secundum varias qme in iis observantur, placenta>^ formas. 

‘‘A ceteris omnibus inainmalibus Mai\sin)ialia et Moiiotre- 
mata separanda sunt, quibiis nulla cst placenta. (/mt(nri omnia 
in duas familias dividenda, qiiarum alteri placenta uterina 
caduca, alteri non caduca cst. Jluic JMannnalia j)rimata et 
uugulata omnia adnuinoranda sunt, inter qiue Ituminantia ob 
singiilarem cotyledorum formam cieteris opponi possunt. 

‘'In inainmalibus placentain uterinam caclucam hakmtibus 
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tres mihi oeeurrero vidcntur placentae typi, quonmi primus 
gliribus, seeiiridus feris, tertins siiuiis et hoiniiii proprius est.” ' 

In this passage Mariiinals are clearly divided, in the first 
place, into placental and iinplacontal ; and the former are theji 
subdivided into those which have a non-caducons and those 
which have a caducous uterine placenta. Idio Cetaem and 
Uj)gulate Mammals constitute the former group ; the Uodents, 
Carnivores, Apes, and Men the latter. 

In 1849, an accom])lished English zoologist, Mr. Watca- 
houso, published a highly instiaictive paper on the “ Classifi- 
cation of the Mammalia,”'*^ in whicli the following passage 
occurs : — • 

Taking the general form of the Erain into consideration, 
the placental Mammalia would a})peaT divisibh.^ into two 
sections: first, those in which the cerebrum is generally of a 
rounded form, obtuse in fj’ont and provided with distinct con- 
volutions ; and secondly, those in which the cerebrum is d{‘sti- 
tute of {‘Oil volutions, or nearly so, and usually contractfal 
in front. The first division \vould contain th(‘ Qundruviana^ 
Carnivora, Cetacea, Facliydermabt, and Bummantia, and tlie 
s(HX)nd would (*ontain tlu^ Clteirojdera, Insect kora, Edentata, 
and Piodentiad^ 

Dut although j\Ir. M'aterhouse puts foiwvard thus clearly 
tlie facts upon wliich a cerebral c]assifi(*atioji of the Mammalia 
might be bas(;‘d, he immediat(‘ly afterwards, wn’th his custom aj‘y 
judgment, expr(;sses great doubt as to the value of any such 
classification, 

Jhit are W({ in a condition to take; for a basis of classifica- 
tion of the Mammalia the structure of tlu^ lirain? I think 
not, though, in the case of tln^ Marsupialia, it has afforded 
(characters serving to siqiarato tliat IVom other sections, and to 
indicate its proper position in the system. I am not prepared 
to follow those naturalistvS who Avould, in the present state of 
information, talce tin’s organ as one of jnimary impoi'taiice in 
the distribution of the orders of the placental scries of Mammals. 

I cannot adopt the two great sections of this series as ap[)arently 

* “Annuls and Ma^nziuc nf Natural Hiritorv,’ ISUl, \ol, xii. p. 
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indicated by tlie smooth and anteriorly contrartod cerebrum on 
tlte one hand, and the convoluted cerebrum, with its rounded 
anterior portion, on the otlier. AV'ero I to do so, I should find it 
necessary to remove some of tlie Lemurs from their grouj) in the 
highest order of the first section, and to place tliom in the 
second section.” 

In the su(*ccoding year, 1841, M. Jl ilne-Edwai-ds, one of the 
most distinguislied pliysiologists and zoologists of modtu'u 
France, proposed, in a highly philosopliical paper upon 
zoological classification in genei'al,^ a nudhod of subdividing 
the Mainmalia, essentially similar to that put forward incident- 
ally by Von Baer and Es(*hri(dit, but lacking, as I conedve, 
what is the great merit of the latter writers, naim^ly, tln^ clear 
perception of the classificatory value of the intimate struduia' of 
the ])laconta and the entrance, or not, of a decidual uterine 
elcnumt into its composition. M. Milne- Edwards dwells with 
great force (as Mr. Waterhouse had previously doin') u])on the 
closeness of the general structural aftinities which unit(' tin' 
Rodentia, IrisecMvora^ Cheiroptera^ Quadrummiay and Rimana 
of Cuvier together, and shows that these aflinitii's aj’e denoted 
by the discoid phu'cnta whi(‘h tlnyy possess in common. 

Tlie diffused placenta (under whhdi head the (‘otyledonaiy 
])lacenta is irnduded) is stated to be the charactcaistic of the 
Rnminaniia^ Fachi/dermata, Edentata^ and Cetacea; while, 
lastly, the Carnivora and siads {AmphihieC} are distinguished 
from all the n'st l)y their zonular phnamta.” 

Tlie singular gmius ILfrar, which (hivier mnh^avoured to 
])rove to be a true Paehyderm, is considei'od hy id. idilne- 
Edwards to form one of the series of Jlammals Avith a zonular 
])laconta; and to represent, in that smdes, the rachyderms in the 
series Avith diffuse placentation, and the Rodents, in the s('ries 
Avitli discoidal placentation. 

id. Gervais, in France, and M. Vogt, in Geianany, IiaAm 
adopted the placental classification of Milne-Fdwai'ds ; Avhile, 
in 1857, Mr. Waterhouse’s proposed, but immediately rejc(!ted, 
cerebral classification Avas substantially revived by Professor 

* “Auiial(;s (les Sciences naturelles.” Sfi’ic a. 'Fonio 1. “Considerations 
sur aaelqn(3S I^rincipes relatifs a la Classilicatiou nuturelt’ des Aniiniiiix. 
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(3won, in liis paper ‘‘On tlio Characters, Principle's of DiviKsion, 
and Primarv Groujis of the class Mammnha,'’ published in the 
Journal of the Liniuean Society ; tliongh it should be added 
that Professor Owen made certain additions to the nucleus 
furnished by ]\lr. Waterhouse, which are umpiestionably 
original. 

Thus the “ Lisseyieephala ” of Professor Owen is simply a new 
name for the group of Mammals (“in which the cerebrum is 
destitute of convolutions, or nearly so”) indicated by Jlr. 
Waterhouse; and Chjr encephala'' is a like verbal ('(juivalent 
for Mr. Waterhouse’s group of ]\lammals characterised by 
luiving the brain provided with distinct ('onvolutions. Put 
Mr. Waterhouse does not mention i\ran at all, while IVofessor 
Owen creat(^s a now sub-class, Arehcneephala, for the genus 
Homo, and substitutes the name “ Lijcnecphalu ” for Jmplacentalla , 
formerly applied to tluj Ornithodelphia and Didelphia. 

In attempting to decide between the various classilications 
thus presented to us, the canons by which our judgment must 
be guided are simple enough. It is obvious, in t lie first place, 
that the definition of a, group, wlietluT that dcdhiition be leased 
on cerebral or on placental characters, must be true, as a matter 
of fact, if any valuta is to be attached to tlie (dassilication of 
Avhich that definition forms a ]>art. 

And, in tlie secoml place, it is clear that the <lefi}iition of each 
group must be distiiKdive, that is to say, it must not include the 
members of other groups. 

Applying the second canon to the classifi(*ation last mentioned, 
it appears to me to collafise at once. 

The sub-class Lhmncephala^ for examj)h‘, is thus defined : — 

“The corpus callosum ispresmit, but connects cerebral hemi- 
spheres as little advanced in bulk or outward (diaractcr as in the 
preceding sub-class ; the cerebrum leaving botli the olfactory 
lobes and cerebellum exposed, and being commonly smooth, or 
with few and simple convolutions in a very small ])roportion, 
composed of the largest members of the group. The Mammals 
vSo characterised constitute the sub-class Lisseneephalal' — 
L. c., p. 14. 
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On tlie other hand, tlie sub-class Gyvencephala receives the 
following definition : — 

The third leading modification of tlie Sraiumalian cerebrum 
is such an increase in its relative size, that it extends over more 
or less of the cerebellum, and generally more or less over the 
olfactory lobes. Save in very few exceptional cases of the 
smaller and inferior forms of the Quadrumana, the sup(ndicies 
ai’e folded into more or less numerous gyri, or eonvolnlions, 
whence the name Gyrencephala^ whi(‘li I propose for the third 
sub-class of Mammalia'' — L, c., p. 18. 

I am quite unable to see wdiat these so-called definitions de- 
fine. If, for example, w^o place the brains of an Aut-eater, or of 
a Capybara, side by side with that of a Genett— the two former 
being Lisseneej^hala, the latter one of the Gyrencejdiala — either 
definition '' will apply equally well to either of the three 
brains. All throe have slightly convoluted brains ; in all three 
the olfactory lobes and cerebellum are more -or less uncovered ; 
and nothing in the, definitions of the sub-classes of this ‘G^erelanl 
classification” would enable an anatomist to say that any one of 
these thix^e brains belonged to one sub-class rather than anoUier. 

Since Mr. Waterhouse pointed out the fact, no one has 
doubted that, as a gen^iral rule, the brains of the so-called Gyren- 
cepliala" are more convoluted, size for size, than those of the 
Lisseneephald and the relations of the size and the zoological 
position of an animal to the characters of its cerebral surface 
have long since been well discussed by (iratiolet, Daresb^, and 
others. But it is exactly because the rule is only a general 
one, and has many exceptions, that the degi’eo of (au'ebral convo- 
lution must be rtyected as the basis of tlir^ definition of any 
largo gi’oup of Mammals. 

Thus far, we meet, in Professor Owen’s definitions, with a 
certain foundation in fact, though it may not he such as is fittc^l 
to aflbrd ground for classification : but the group ‘‘ A7*c}micephala" 
is iu a more unfortunate position. Our first canon comes into 
operation, and we must reject it, because the statements respeet- 
ing matters of fact in its definition are untrue. The words stand 
thus : — 
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“ In man the brain presents an ascensive step in develop- 
ment, liiglier and more strongly marked than tliat )>y wliiclj, the 
preceding sub-class was di.stingnislied from the one below it. 
Not only do the cerebral Inunispheres overla]) tlie olfactory lobes 
and cerebellum, but tla'V extend in advan(‘e of the one and fur- 
ther back tlian tlie otlaa*. Tlieir posterior devolojanent is so 
marked, that anatomists have assigned to tliat part the cliaracter 
of a third lobe ; it is jieculiar to tlie genus Homo, and ecpially 
peculiar is tin? ‘^jiosterior liorn of the lateral vraitrich^/ and the 
‘hippocampus minor,’ whi(*li charaidiudses the hind lobe of each 
hemisphere.” — L. c., p)). 19, 20. 

These are the assertions which luiva^ lieen repeated oven* and 
over again during the last hnv years; but, tlianks to tlie exer- 
tions ot the able Consca'vator of your Museum, it is in my 
power to lay before you visible and tangible tacts,^ which prove 
tliese assertions to be wholly devoid of foundation. 

The third lobe, characterised by extending iurtlier back 
than the cerelxdlum, is said to be “ pecAiIia?' io the (jenw 
llomo^ 

I place before you casts of the cranial cavity, accurat(dy re- 
presenting the relative positions of the }>arls of the brain of a 
( Jorilla, of a Chijupanzee, of an Orang, of a Cf/nocephedus ; and 
you observe that the jiosterior, or third lob(‘, ot* each projects 
further back than the (*ei’ebcllum, in just the same sense as a 
man’s can be said to do so ; and in some cases, as in the baboon, 
to a much greater extent. 

The assertion that the tliird lobe, as defined by Professor 
Ow(m, is “peculiar to man,” is ther<3fore demonstrably conti'ary 
to fact. 

Equally pecnliar is the jyosterior horn of the lateral ventricle d 

Side by side upon the table are two dissections, made in the 
same way, the one of the brain of an Orang-uta.n, the other that 
of a man, taken at hazard by Hfr. Flower, who has been good 
enough to dissect both (Fig. 40). 

Every one in this theatre, I imagine, can see perfectly well 
that the Orang has a posterior cornu, which, in proportion to the 
size of its brain, is just as long and nearly as much incurved 
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as tl)at of the man, wliile it is a. good deal wider at its eom- 
m mi cement. 


Fig. 40. 



Fig. 40. — Figures [reduced to the same scale] of tlie dissected hi ains of a Man and of an 
Orang which were exhibited in the theatre of the Royal College of Surgeons. — O', 
anterior cornu ; descending cornu; posterior cornu ; 7/, hippocampus major ; 
hy hippocampus minor. 

II 2 
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In fact, even if the posterior cornu had not been demon- 
strated (as it has now been) in the brain of numerous genera of 
Apes, this one exam})le would sufficiently demonstrate the nsser- 
tion, that the posterior cornu is ‘^peculiar to the genus 
to be siinjily untrue. 

Jjastly, as regards tlie hippocampus minor — whicli is also said 
to be “ peculiar to man ” — that structure is, as you perceive, as 
distinct in tlie Orang’s as in tlie man’s brain, so that tlie third 
term of the definition of the Archeneepliala ” is as contradic- 
tory to plain ffict as the otlier two (Fig. 40). 

Even were the posterior lobe, the posterior cornu, and the 
hippocampus minor peculiar to man, as supposed by the definer 
of the sub-class ‘‘ Areheneefhala^'' instead of being, as they 
really are, structures far better developed in some of the lower 
apes than in him, tlieir classificatory value would be extremely 
doubtful, seeing that they are among the most variable of struc- 
tures in the human brain. The casts upon the table of a Tartar’s 
and of an Australian brain-case will demonstrate to you how in- 
significant maybe the projection of the posterior lobe in one man 
and how great it may be in another. While the practical anato- 
mists and demonstrators whom I address will bo familiar with the 
singular variability of the posterior cornu and the hippocampus 
minor — structures wliicli, without any assignable cause, or 
noticeable modification of the structure, or of the functions, of 
the brain, may present every degree of development, from 
absence to great size. 

So little, indeed, is any zoological value to be attached to 
su(‘h a character as the degree of projection of the posterior 
lobe, that closely allied apes present us with most singular dif- 
ferences in this respect. Thus the group of South American 
monkeys wliich comprises the Squirrel monkey (Chrysoihrix), 
the posterior lobes of whoso brain project beyond the cerebellum 
far more than they do in man, contains also the Howling monkey 

\dhes camwA he said \o project 
at all. And within the last two days, Idi . Alow or has dlseov oxed 
(and the cast upon the table enables me to demonstrate the fact 
to you) that in, at any rate, one s})ecics of Gibbon, the Siamang 
(llylohaies Syndadylus) the cerehelliim })rojects behind the pos- 
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torior lob(3S, wliilo, in tlie three other genera of anthropoid apes, 
the posterior lobes of the cerebrum project behind the cere- 
bellum.* 

The latest form of the “ cerebral ” classification of the Mam- 
malia having thus been shown to be devoid of any sound 
foundation, I pro(*ecd to inquire whether the ‘‘placental’’ 
classification does, or does not, stand upon a more secure basis, 
if we take, not inerely, with Milne-Edwards, the form of the 
placenta, but with Von Baer and Eschricht, its structm’c, into 
account. It is a vv(dl-establishod fiict that two very distinct 
types of ])lacenta are to be met with in the Monoclelj[)liia, and 
that, at the present moment, we have no knowledge of any 
transitional forms bt3twa}en these two types. Tlie first of these 
types is that exhibited by the human placenta, the second by 
that of the pig or hoi'se. 

From the commencement of gestation, the superficial sub- 
stance of the mucous membrane of the human uterus undeigoes 
a rapid growth and textural modification, becoming converted 
into the so-called deciduaJ' While the ovum is yet small, 
this decidua is separable into three portions, — the decidua vera, 
winch liiK's the gemT'al cavity of the uterus; the decidua 
rejlexa, whicli imnuHliately invests the ovum ; and tlie decidua 
mviina, a layer of especial thickness, developed in contiguity 
with those chorionic villi Avhich persist and become converted 
into the fatal placenta. The decidua rejlexa may be regarded 
as an outgro^vtll of tlie decidua vera ; the decidua serotma as 
a special develo^anmit of a ])art of the decidua vera. At first, 
tlie villi of the chorion arc loosely implaiifed into correspond- 
ing depressions of the decidua ; but, eventually, the (horionic 
part of the placiiuta becomes dosely united with, and bound to, 
tlie uterine decidua, so that the fcetal and maternal structures 
fc*rm one inseparable mass. 

In the uieariwhile, the deeper substance of tho uterine 

* Beo Mr. Flower’s pnper “ Oji tlie Bi'aiu of the Bianuirig,” Natural History 
]levwi(\ April, 1803. “ Tliis ixiculiarity the Sianian^'s brain is dne to two 

causes— -firstly, the large (levclepmeiii of llio cen?bellniii ; se<.*ori<lly, nml I shaU 
afterwards show, mainly, to Ihe actual sliortiK-ss of Mje posterior or oecipittii lohe 
of tlie cerebriini.” — L. c., p. 282. 
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mucous membrane, in tlie region of the placenta, is traversed 
by numerous arterial and venous trunks, wliicli carry the blood 
to and from the placenta ; and the layer of decidua into whicli 
the cliorionic villi do not penetrate acquires a cavernous, or 
cellular, structure Irom becoming burrowed, as it were, by the 
innumerable sinuses into wliich these arterial and venous trunks 


Fi-. +1. 
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Fig. 41 St'otioii of the Human Uterus aiid Plaeotitn at the thirtietli week of pregnancy. 
(Aftei' JOcker. ) — A, uminlieal coni ; lU cliorion ; (\ tlio flr-tal villi separated by pro- 
<ie.s.ses of; I), cavernous iUcuhia; E, F, <1, wall of tlie uterus. 

open. In the process of parturition, the decidua serotina splits 
through this cellular layer, ami the superficial part of it conics 
away with the umbilical cord, together with the fetal mem- 
branes and the rest of the decidua ; while the deepen* layer, 
undergoing fatty degeneration and resolution, is more or less 
completely brought away with the heliia^ and gives place to 
a new mucous membnane, which is developed tliroughout the 
rest of the uterus, during pregii am ‘,y ; but, possibly, arises only 
alter delivery over the placental area. 

In the Pig* the placenta is an infinitely simpler structure. 
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No (lacidua ” is developed ; the elevations and depressions of 
tlio luiimpregnated utonis simply aequire a greater size and 
vaseidarity during pregnancy, and colicj'o closely with the 
chorionic villi, wljicli do not beconni restricted to one spot, but 
are developed from all parts of the chorion, except its poles, 
and remain persistent in the broad zone thus formed through- 
out fudal life, TIjo (*oliesion of the fretal and inat(‘rnal 
placentae, iiowover, is overcome by sliglit maceration or post- 
mortem change ; and, at parturition, the fadal villi are simply 
drawn out, liki^ fingers from a glove, no vascular substance 
of the mother l)eing thrown off. 

The process by which the mucous membrane of the uterus 
r(durns to its uuimj)regnated condition after jiarturition in the 
pig has not been traced. 

The (‘xtivuno cases of jdacentation exhibited by man and 
by the Tig may be termed, witli Von Baer and Eschricht, 
from the charactei- of the maternal placenta, ‘Sxidueous ” and 
non-caducous,” or, from the degree of cohesion of tlie two 
placentm in parturition, “coherent” and ‘Mneoherent or, 
wliat perl laps wvuild be better still, the twc) iMammals may. 

s[)ok(ai of as “deciduate” and ‘^Mion-deciduate.’’* But, 
whatever terms be employed, the question foi* tlui classifier 
is to iiirjuire what mammals correspond with Man and what 
with tlie ih'g, and wliethm’ the groups of diaa'duate and non- 
deeidiiate Monodelplila thus formed, are natural gj'oups, or, 
iu other Avords, contain such orders as can bo sliown, on other 
grounds, to be alllned. 

Witli respeid to the deciduate Monodelidiia^ it is certain that 
the ap('S agree, in the main, with man in jhicental, as in other 
important characters; and, so far as has hitlierto been observed 
(tliongh onr knowledge of the plaeentation of the Ijemurs is 
very defectiAu^), their placentae differ from those of ]\Ian only in 
presenting a more marked lobatioii — a character Avbicli occurs 
as a variety in Man. 

* It is, of course, l>y no means intended to suggest IjV these terms, that the 
jiomologuo of the decidua does not exist in tlie “ non-decidiiato “ ATammals. The 
mucous membrane of the uterus hoeomes liypertrophied during pregnancy in Loth 
tlie deciduate end the non-deciduato Mammals ; hut it is thrown off, and so gives 
rise to a “ decidua ” hiily in the one of these two groups. 
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The Cheiroptera, Insectivom, and liodentia agree with Man 
in possessing a placenta \vhi(*h is not only as miicli discoidal,” 
allowance being made for the sliorter curve of the uterine walls, 
as liis, but also entirely resembles liis in being developed in 
conjunction with a decidua. Tliis decidua always coiTesponds 
to at least the decidua serotina of Man ; frequently there is a 
well-developed decidua rcjlexai* How far a decidua vera can 
be said to be developed is doubtful. 

I am well aware that these statements are in direct opposi- 
tion to some that have been very contidently put forward. 
Thus, Professor Owen, in arguing against the views enter- 
tained by Milne-Edwards and Gervais, mahes the following 
assertions : — 

The degree of resemblance in outward form between the 
placenta of the Pat or Hare, on the one hand, and the Mycetes 
aiul Maeaeus on the other, sc'ems to ]ne to be more than 
counterbalanced by the (lilTeren(*e of structure. The pedunculate 
and cotyloid placenta of the Hat consists of faial parts exclu- 



sively ; the maternal areolar portion is as distinct from it as it is 
in the eotyledo^i of the lluminant, and is a persistent structure of 

* See upon tliis subject the receiitly-pn])lLs]ied va]ua))l(j essay of Ueicbert : 
“ zur Entwic]a‘]uiigH-ge.scliichte des Mi^crscliweincbens/’ Bdcliert finds 

a coiuplcte, or almost complete, dendua rejlexa in Bats, Mice, Guinea-pigs, and 
liats; while in l{ab])its, Hares, and Carnivora, the decidua^ r^Jlexa only partially 
.siuToimds the ovum. v 
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the uterus. The discoid placenta of the monkey includes a large 
proportion of maternal cellular structure, which comes away with 
the foetal portion. Tlie difference in the organic interblending 
of the circulatory organs of mother and of[*spring, between the 
Bodentia and Quadrumana^ is of much more real importance 
than tlie degree of superficial similarity.” — L, c., p. Ki, note. 

Led by the extraordinary contradictions of some of the 
best-known facts of embryology contained in the passage 

* Eriohriclit described tlie placenta of the Rat with great precision, as the follow- 
ing extract will show, six-anddwenty years ago. Is it possible that a liasty perusal 
of a passage wliich I have put into italics below should have misled any of his 
succcissors into supposing that Rodents have persistent cotyledons like those of 
Ruminants? Placenta fere circularis erat; dianietrus* longior sex lineas cum 
dimidia explehat, brevior sex lineas. t^nperficies ovo ohversa nonnihil concava 
erat, externa aiitem sat eonvexa, ita ut a margine ad cenirum seiisiin in tumiiliim 
surgeret ct crassitudinem placcntm ad duas lineas angeret. In snporfleie ejus 
eouoava, ovo obverse, ti,\s distingui potuernnt regiones ; circiim centrinn, a vasis 
umbilical ibus perforatum, laminula ilia ))ertenui obteela erat, (piam vasn umbili- 
cal ia hie circumdare jam observatum est. Circa peripheriam soabrosa apparuit, 
quasi iila sen vasa abrupta fuissent, in media regione autmn inter perijdiericam ct 
ccntralcm hods erat tunica sat distiiicta vestita. Superficies tilactcutie externa con- 
vexa duas regiones obtulit. Peripherie propior inequalis ad axciu longitudinalem 
ovi latior erat, unani et ([uartam linear jiartem ex]>lens ; ad latera angustior 
(piartam iiiodo linear part(*m explens. Sic media et kevis hujus snperficiei n^gio 
ovuitlea quidem erat ut tota jdaceuta, sed cum axe majore transverse ei insidcuis. 
In cumulo Ipijus supm-ficioi permagnum vas ab utero C(;nirum placente porforavit. 
Hand procul a ceiitro quinque vasa minora intervallis sat equalibus nterum enm 
placeniii jungehant. Superfhnei uterine proxima placmile pars in lamellas facihj 
dividehatur, profuiidior aiitem i)ars eiindem ilium laminarum iunuiiKiuhiliuiii 
contextum exhibuit quern in jdacenta felina fusius supra doseriiisi. Laminnlas a 
Centro a<l ptn-iiihcriam sat regulariter ordinatas esse ohservaro mihi visiis sum. 
Inter laininulas iihus eaiidcm cssc alternatioiuan laminnlariim fadalium et uterina- 
rum vix dubitaro potui, presertim quum non modo vasa uinbilicalia sed ab altera 
parte sex vasa majora al) utero idacentam ingredi vidissem. At uterum examinans 
nova Oi ta est duhitatio. Uteri cornua antequam ova excisa fuissent, moniliformia 
a]>parueruni, et inter singula ova fortiter constricta, Ita non modo uimrerus sed 
etiam forma ovorum (e\lus apparuit quid quod ctiam placente facillimo obser- 
vari videbantui, Ihtumescentie, ova incliidentes, ipse quidem oviformes erant, 
sed ad margiiicm superiorem ad insertionem ligamentorum latorum et ante 
oadem singule tumuli speciem prebebant, placeutam aperte indicfiiitis. Itaque 
placente in utero muris ratti non modo quoad fee turn, sed etiam quoad uterum 
cerium oceupat locum, et embryones omnes in una serio in oppositis uteri 
cornibus symmetrice collocati sunt, utnim autem capitibtis previis abdomini- 
busque abdomen matris respicientibus, an clunibus previis dorsisqne abdomini 
matris obversis inquirero negloxi. Verum tumuli placentas indicantes non ipse 
fuorunt placente. 0\ii^;excisis iidem tumuli in utero remanebant ut tubereula 
fusoa tros lineas crassai, dianietrum tpiinr|uo lineariim exbibeiitia. Quod qnurn 
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I havo italicised to look into the matter al'n'sh, I liave tbiind that 
the assertions made tlierein respecting the })lacenta of the Eat 
are as completely contrary to fact as are those respectiiig the brain 
of the apes which I have already cited from the same author. 

Figure 42 represents a section of the uterus, chorion, and 
partially-inj(‘(‘ted plaemita of a tVetal Eat, one inch and a 
quarter long, taken in a (lireetion perpendicular to the Iqag 
axis of tlie uterine cornu, a is the mesometriuni traversed by 
a large uterim^ vein ; h is the wall of the uterus becoming" 
looser in texture and traversed by large venous channels in its 
inner sul.)stance, c; cl is a decidual layer of the uterus of. a 
cavernous striuduro, wlienco vascular processes ar^ continued- 
towards the (‘horionic surface of the placenta. A large vein {i) 
])asscs directly from the decidual layer (d), and the uterine 
sinuses beneath it, to near tlie (horionic surface of the placenta, 
beneath which it branches out horizontally. The chorion (/), 
rendered vas(‘nbir over its non-plai*ental jiaiT by tlie ompba- 
lomes(n’aic vc^ssels (Z*), only begins to exhibit villous processes 
and folds at the point {(j). These outermost' villi appear to 
mo to be fr(‘o; but, more iubTually, tlui}' become dosely 
connected Avitli tli(‘ up[)er 8urlac(‘ of tlie placimta ;* and ovgr 
tln^ central tliird of the foTal face of the jdacenta, tlie nnibilical 
V('ssols (/) ramify in a radiating fasliion, and send prolongations 


obstrvaysoin, initio totii moa do btrn^tiira plaranitfo niaininaliiimMinguicnlatoriini 
soiiicntia iabofacta c-st. (iliriJms si at rumiitntdiitns pars uterina i)lucent^ in paiiu ^ 
noil ahdrmhrrfju’, rnJruiri sane juisset,a\di tlicoria 4o]>hiceut:n Btnictura in nnivcrsuni 
I'o nihil oapuret (Itdrinieriti. Qimm vero miperficieni uhninani placontm Irovem 
oitsei'vn^soin, ot id(-in do. snpcrlicic ipsins ntori ei uhvorsa nunc observarem, tota 
tlicoria j»aMic rcfclli inibi vidcbatiiv, si'cundnm qnani altcrnatio qiiaidam ntrinsepn^ 
yyfstcniatis ad^it ncccsse c.st. Attarnon niox inbdlcxi corpiiH iilnd uloi’innm non 
ipsani partem utci inam jilaceiitm cysc. Supra jam do vase mujore oentrali ct * * 
quinquo ininoribu.s oircnniytantibiis sermo crat, qoai placonta3 snp«a*licicm nicrinam 
transibant. Eadem vayajain in ipyiuy uteri superlicic observavam ot in apertoerat 
ramilicationem eonmi in laniiniilis ijislns placonUc fieri. Corpus nterinnm trails- 
eis.snm eellulasplurimas exliibuit, ni fallor, san,c;uiuis coagulati nonnihil etiamtunc 
coiitiiientes. Sic constructuin eideni functioni inservire milii videtqr ac siniilcS 
'uteri luimani colluloG vol sinus vonosi ; ncc yilacentani miirinam alitor a jdaconia 
folirui discrepare video nisi quod vasa nterina pauciora sed sat mu^^nia paitein 
utorinarn intrant. Quibus observaiiorubus dnetus etiam liLian jvi j’Lackntas ex 
OAKTE FlETAia 1:T I TEJUXA CATJiaUIlAC ETTIXA EAMlNC’JaS IXNCVJl-nnS AETERNANl'IEl S 
( (OiEOSiTAS EKSE putabo donee melioribus observation i bus rofutatus I'uoro.” 
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down between the decidual lamella?. The slightest traction 
exerted upon the cord causes the placenta to separate along the 
line G, m, m, e, bringing with it, of course, the cup-shaped 
decidua, d* 

It is obvious, from the above description, that the pedun- 
culate and cotyloid” placenta of the Eat does not ‘‘'consist 
of fadal parta^ exclusively,” but that, on the contiary, as 
Es^hricht has so well pointed out, “ the organic interblending 
dt^the circulatory orgaiis of mother and ofispring ” is as com- 
plete in the Eat as in Man ; and that, therefore, the concluding 
paragraph of the citation from J*rofessor Owen’s paper ought to 
be reversed. 

The Carnivora develop a well-marked decidua, and their 

% 

* JMy fi’]e*iul Professor Rollostoii I 14 S made the following stiiteincnts in a paper 
whioli will sliorily up})our in,.tl‘^ Zoological Society’s Tramactions. 

1. The Rat’s afterbiriir consists of a sauccr-slinpccl deciduous scrotina, and a 
button shaped placenta proppr. Afterbirths made np of these two elements naiy 
.be found in the stomaclis of animals of this species after parturition, as tliey, lik(i 
many otluji* ]\IammalH below the Shiiadre, devour them. IJiuh'r these oircimi- 
sianec's, the two constituc-nt factors of the afterbirth may eitJier l)e found in their 
normal connection, or they may be separated one from the other. 

2. TJic^ non-dec idiions ])ari of the scrotina forms in tlie R{it, after piirtiiriiion, a 
Iierniid protrusion into the mesomotrinm, which has Imhul mistaken for a developing 
oviun (see Hittiterian Catalogue, Phys. Scr. Prep. olGb) ; just as the homologous 
structures in the human subject form a hernial protrusion into the cavity of the 
uterus, which may persist .as a more or less elevated area for several years. (Of. 
Itobin, Mem. Imp. Acad. IMed., tom. xxv., p. 1117.) 

d. l^he hoiriologne of the s{UK;er-sha])ed deciduous scrotina of tlio Rat is, in the 
human subject, the thin layer of laminated allhimiiious tissue, wliicli, in a placenta 
^■ipelled without sulFeriug much violence, is seen clotlung its uteiim* surhici?. It 
is small<?i’, relatively, to tlie other structures coiicerued in the nutrition of the fad-us, 
in the immau than in any other s])ecies. It is more easily demonstrable in the 
Moidcey (il/mYoa/s- Nemestrinifit, v. g.), as Ixang a more oolicreiit and stoutiu- 
membrane than in Man. It is, however, lure still a condensed and mem- 
branous structure, compared with its pulpy homologues in Carnivora,. Imectlvora, 
ftnd Rodcids. 

4. In early periods of uteix)-gestatioii in the common Slirow and Hedgehog, tlio 
deciduous scrotina is a very much larger structure tiian the placenta proper, 
which it entirely covers, except on the foetid aspect. But in the Teiircc, near the 
full time, tlio dec ulna serotiua is of hut wahn-thickuess. 

Dr. Matthews Duncan and M. Robin have shown that tire musculor coat of 
tlur uterus is never left dr'iiudcd after parturiliori in the human subject. The 
same remark holds good in the ease of the “deciduate'’ Mammalia, in all of which 
a more or less moditied mucous tissue, the “ uoii-deciduou.s scrotinn, ’ is h ft, aftcT 
parturition, upon the utcro-placental area, from which the deciduous soredina and 
placenta proper have been .separated as “ afterbirth.” 
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placenta in all genera wliicli have been examined (except the 
Polecat, according to Von Baei') has the form of a complete zone, 


Fig. 4;^. 



Fig. 43. — Fa'tnl kitten, with its nienihnines and })lacenta. The latter is seen from within, 
tlio chorion and allantois being open and everted. — Am, amnion ; All^ allantois; /V, 
placenta; Urn, umbilical vesicle. 

(From a jireiKiration in the Mu.seum of the Koyal College of Surgeons.) 

or broad girdle^ siirroi Hiding tlie middle of the chorion and 
leaving tlie poles bare (1^'ig, 43). 

I'hus Man ; tlie Apes, or so called Quadrumana ; the 
Insectivora ; the Cheiroptera ; the liodentia^ to which the lowest 
apes present so many remarkabbi ap[)roxiinations ; and the 
Carnivora (united into one group with the Insectivora by 
Cuvier) arc all as closely connected by their placental structure 
as tliey are by their general atllnities. 

With the Pig, on tlie other hand, all the Artiodaetyla, all the 
I^erissodactyla (save one, taking the group in its ordinarily 
received sense) and all the Cetacea which have been studied, 
agree in developing no decidua, or, in other words, in the fact 
that no vascular maternal parts are thrown off during parturi- 
tion, Put considerable differences are observed in the details 
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of the disposition of the foetal villi, and of the parts of the 
uterus which receive tliem. Thus, in the Horse, Camel, and 
Cetacea the villi are scattered, as in the Pig,- and the placenta is 
said to be diffuse ; while, in almost all time Runiiiiants, the foetal 


44. 






Kii;-. 44. — Ijtorns ot’ a (’ow in ilie nu(i41e oF progiuuicy laid open. — V , vaL^in.a ; U, uterus ; 
Ch, dioriou ; C^, uterine cotyledons; C'-, fcctal cotyknlons (after Colin). 

Fio*. 45. 


u 


Co^ 


Flgr. 45.— A. Horn of the Uterus of a pregnant Ewe, laid open to show, Ch, the chorion ; 
with Coy the cotyledons. 

B. Diagrainmatic section of a Cotyledon, — Z7, uterine wall ; Co\ uterine cnp of the coty- 
ledon ; Co-, chorionic villous tuft of the cotyle Ion. 

''From a preparation in the Museum of the Uoyal College of Surgeons.) 
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villi are gathered into bunches, or cotyledons, which in the 
Sheep (Fig. 45) are convex, and arc received into e»ps of the 
mucous membrane of the uterus; while in the Cow, on the con> 
traiy, they are concave, and fit uj)on corresponding convexities 
of the uterus (Figs. 44 and 46). 


Fii(. 40, 



Fig. 40. — A fcptal cotyledon, half' scpanikd liom tho nuitcrnul cotylodoii, of a Cow. . 

(Jh, clun'ioii. f/, uterus (after Colin). 

No one, pi’obably, would be inclined to object to the associa- 
tion of tho orders just nientioned into 0 ]ie great division of tht^ 
MoiiodeljfhiUf cliaracterised by its placental structure. But such 
grouping leaves several important points for discussion. I'ho 
Elephant, as Profiissor Ow^m"^ has shown, has a zonary placenta, 
and the genus Hyrax has been known since tho time of Home 
to be in like case. Hence, as the elephants are commonly sup- 
posed to be closely allied with the Pachydermata, which possess 
diffuse, non-deciduate placentm, and as Hyy^ax is now generally, 
if not universally, admitted into the same order as tho Horse, 
which has a diffuse, non-de(*iduate placenta, it is argued that 
placental characters do not indicate natural affinities. A ques- 
tion, indeed, arises, which has not been answered by those who 
have described tho i)lacentae of Ele^has and Jlyrax. Is the 
placenta of these animals simply a zone-like arrangement of villi 

* “Description of the FV^etal Membranes and Placenta of the Elephant.'’ 
rhilosophieal Tramadiom, 1857. 
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or cotyledons, in connection with winch no decidna is developed, 
or is it u true decidnato placenta, resembling that of the Car- 
niv&ra in tlie essentials of its internal structure as in its external 
form ? liecent investigation has convinced me, that, in both 
these animals, the placenta is as truly deciduate as that of a 
lAodent ; so that most unqu(3stionably, if the })laeental method of 
classification is to be adopted, both EJeplias and llyrax must go 
into the same pihnary division of the Monodelphia as the 
Roderdia and Carnivora. 

But do these faxds I'oally })rcs(ait obstaclovs to tlie placental 
system of classification? 

So firr as tliC case of the Elephants is concerned, I must con- 
fess that I see no dirficulty in the way of an arrangement which 
unites the Prohoscidea more clos(dy with the Rodmtia than with 
the ArtiodaetyJa and Ferissodaetyla, the singular ties whhdi unite 
the Elephants with the liodents having betm a matter of common 
remark since the days of Cuvier. 

In the absence of any definite knowletlgo of the placental 
structure of Rhinoceros and Tainrns^^ it would, ])erhaps, be jwe- 
mature to discaiss the position of llyrax, as determined by its 
placenta ; but if it should eventually appi'ar, as is very probable, 
that Rhinoceros, like Tapirus and Equus, has a diffuse, non-d(^ci- 
duate placenta, I should have no liesitatiou in regarding llyrax 
as the type of a distijict ordta- of deciduah^ Slonodelphous Mam- 
madia, llyrax, in fact, hangs by Rhinoceros mainly by the 
pattern of its molar teeth, — a character which affords anything 
but a safe gnichi to affinity in many cases, t 

Concerning the placentation of the Sire7iia we have no in- 
formation. 

Among the Edenhda, the Sloths have presented a cotyledonary 
placenta, and the Armadillos have been aflirmed to possess a 
discoidal one. I a;jn not aware that the minute structure of the 
placenta has been examined in either of these groups, but I am 

* Home’s d(\soi’ieiioii of the footal membranes of tlio Tapir is very poor, but 
Bauer’s beautiful figures sliow clearly tliat tbe villi arc (litfusi*, as in tbe Horse. 

t See, in reference to this point, tbe late Professor A. ^yagner*s excel lent remarks 
on Cuvier’s exaggeration of ibo Blimocerolic affinities of llyrax, in Schreber’s 
“ Saugotliiere.” Supp, Bantl, Abtb. iv. p. a07. 
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indebted to I)r. Sliarpey for valuable inforiuation respecting, tlie 
placental structure of Mann. The surface of the chorion is 
covered with fine reticulating ridges, interrupted here and there 
by round bald spots, giving it an alveolar aspect, something like 
the inside of the Iminan gall-bladder, but finer. The inner sur- 
face of the uterus exhibits fine low ridges or villi, not reticulating 
quite so much. The chorion presents a band, free from villi, 
running longitudinally along its concavity, and there is a corre- 
sponding bald space on the surface of the uterus. The ridges of 
the chorion start from the margins of the bald stripe, and run 
round the ovum. The umbilical vesicle is fusiform, d’his is 
clearly a non-deciduatc placenta, and the cotyledonary form of 
that of the Slotli leads me to entertain little doubt that it belongs 
to the same category. 

Admitting all these difficulties and gaps in our information, it 
still appears to mo that the features of the ])lacenta afford by far 
the best characters which have yet been proposed for classifying 
the Monodelphous Mammalia, especially if the concomitant 
modifications of the other fmtal appendages, such as the allan- 
tois and yclk-sac, be taken into account. And it must be 
recollected that any difficulties offered by the placental method 
attach with equal force to the systems of classification based upon 
cerebral characters which have liitherto been pro})Ounded. If 
any objections, on the ground of general affinities, arc offered 
to the association of Eleplias^ Hyrax, Felis, and CereojMlieeus in 
the same primary mammalian division of deciduate Monodel2>Ma, 
th(^y are not removed by constructing tliat primary division upon 
other principles, and calling it Gyrencefhala. 
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ON Till] VEirrEBllATE SKULL. 

TPIK STRUCTUllli OF THE HUMAN BKUIJ.. 

3'he luimau skull is by no means one of the sim])lest examples 
of a vertebrate cranium wliicli can be studied, nor is tbe com- 
preliension of its structure easy ; but, as all vertebrate anatoiny 
bas started from the investigation of liumau organization, and 
the terms osteologists use are derived from those which were 
originally applied to definite parts of tlio organism of man, a 
careful investigation of the fundamental structure of man’s 
skull, becomes an indispensable preliminary to the establish- 
ment of anything like a sound comparative nomenclature, or 
general theory, of the Vertel)rate Skull. 

A^iewed ftoin without (Eig. 47), the human cranium exhibits 
a multiplicity of bones, united together, partly by sutures, 
partly by anchylosis, partly by moveable joints, and partly by 
ligaments ; and the study of the boundaries and connections of 
these bones, apart from any reference to the plan discoverable 
in the whole construction, is the subject of the to230graphical 
anatomist, to whom one constantly observed tact of structure is 
as valuable as another. The morphologist, on the other hand, 
without casting the slightest slur upon the valuable labours of 
the topographer, endeavours to seek out those connections and 
arrangements of the bony elements of the complex whole which 
are fundamental, and underlie all the rest ; and which are to 
the craniologist that which physical geography is to the student 
of geographical science. 
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Perha[)S no inotliod of iiivestigatiiig tlio striictnre o(’ tlio 
skull conduces so niucli towards the attainment of a clear 
understanding of tins sort of architectural anatomy, as the 
study of sections, made along planes whicli have a definite 
relation to the principal axes of the skull. 


Fi<r. 47. 



47. — T)j;igrarj»mati(; side view oi‘ a Ilnirinn Skull. — Fr. Froiital. Pa. ParieJul. S.O. 
Supra-occipital. Fquama otci)atis above tlio torcular Jl(trb\)ftili and laa^id 

sinuses. Af?. Alisplicnoid. SV/. /'o/7/o of tlip teiii])()ial bone. 4/. Mastoid 

process and pat's mastaidtxi. T\j, 'I’yinjjauic. .S7. Styloid pifjcos.s, Na. Nasal. L. 
Lachrymal. Jn. .Jugal, or Malar. Prnx. Creinaxilla. 4L/;. Maxilla. Mn. Mandihlo. 
Hy. Hyoid, tii. Malleus, i. incus. [Those letters will heai* the same signification 
throughout t])o series of figures of crania.] 
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If a veilieal and transverse section bo taken tlirougli the 
cranium, in sneli a manner that the plane of the section shall 
traverse hotli cxtenial auditory iiieatuses, tlie skull will bo 
divided into two nn.e([ual ])ortions — an antcudor, larger, and a 
posterior, STnalle,]*. Idie fornier, if viewed from behind, will 
present the a]>pearance represented in Fig, 4(S. 


fi.o-. -IS. 



Fi^. 48. — Aiitovior halt’ of iho skull of a youu^- porsoii (six ov soven yoars of nge) trans- 
vei’soly })is(*oU'4. 4’Jie toiiijmral lxmo(77) on (sach siJo is left in outline, and the 
contrar of the -ilisplienoid is snppt)s(?d to ho seen tliroiigh it.' — 7/, optic foramina ho- 
fweoii the I’oof^ of ilie orhito-sphonoids ; V, fonunaa ova/e for the third division of 
the teigoniinal ; iV indicates the nasal chamber, M.r is jilaccd in the Iniccal chamber. 

A stout median floor (BS) whence lateral (-outinuations 
(AaS^) are prolonged to meet an arelied roof (Pa), divides a 
capacious upper chamber, which, during life, lodged a part of 
tlio brain, from a lower chamber, formed by the bones of the 
face. This lower chamlter itself is ngnin st'parable into two 

I 2 
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parts, — ail upper, divided into two by a riKulian septum, the 
nasal passages : and a lower, flic oral cavity. 

The posterior portion of tin* hise(‘ted skull (big*. Ih) presents, 
in like maimer, a strong floor {BO) and a larg(i upper eliamber 
for the lodgment of parts of the brain; but tlie lowei- chamber 
seems at first to be absent in tlie skeleton, being represented, 
in fact, only by the styloid processes (>SV), the so-called stylo- 
hyoid ligaments, and the liyoidean bone {lly) which is suspended 
by these ligaments to the skull. 


Fig. 49. 



Fig. 49. — The posterior half of the tiansversely bisected skull, Fig. 48.— the basi- 
oceipiha ; K.O.^ K.O.^ the e,\-o(.Tipit;ils j 7\ the temporal bone left, iji outline; 0,h\, 
occipital foramen; lYL, c^uial tor the poj'tio dura and portio mollis; /A", t’orameu 
tor the ninth or hyt>ogIossal nerve. 

A longitudinal and vertical section ol* the skull (Fig. 50) 
enables us to observe; the same rehitions of the piarts from 
another jtoiiit of view. The central bones {BO, B8, PS, EUl, 
Vo), which lie between the arches of the brain-case above, and 
tlie arches of the face below, are, in such a section, found to 
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constitute a continuous series, from the occipital foramen to 
the anterior extremity of the nasal passage, which, as it forms 
the coiniiion centre or axis, not only for the bones of the brain- 


50. 

Pa.. 



Fig. 50.— T.oncrifudinalaiHl veitical section of ;i Iluiuaii Skull.—* The scila turcica, Aa. 
The position ot the superior .‘ind posterior vertical seniicircnhir cniuils. /., [{, 
yf f A. I lie exit ot tlie olthctoiy, optic, third division of the tilth, eiglith, and 

ninth nerves. To., the N'onicr. ” 


case or cranium proper, but also for tliose of the face, may be 
termed the Granio-' facial axis. 

It will be useful to divide this axis into two portions, — a 
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posterior hasi-eramal {BO, BS, P8), wliieh forins tin* eentre o( 
the floor of the ])ro[)(H- cranial cavity; and an anterior, k^s/- 
faArkil {Eth., Fo.), wliieli constitutes the axis of the front part ot 
tli(' face. 

Kig. 51 . 



Fig. 51. — Front vi('W of tlio skiili, tlio halves of which are sliown in Figs. 48 and 49. — 
.V, nasal i hanil)ei- ; O/-, orhit. The nas.'il bom^s are removed, and so much of tlie 
n|)}»er and lower jaws as is iiecc.ssary to .'show the permanent teetli. 

Three pairs of cliarabers, destined for the lod;g7nent of the 
orphans of the hijj^lKU’ senses, tire jilticed syinnnitrically upon 
eaeli side of the doulde bony box thus described. Of these, 
two pair are best seen in a fi-ont view of tlie skull (Fig. 51), the 
inner pair being the olfadori/, or nasal chambers (N), tlie outer 
pair, the orbits {Or). The other pair are better displayed in 
the transverse sections, Fig. IS and Fig, 40, and are formed by 
the temporal bones of {inatomists (T, Tl), and es])ecially by the 
[letrous and mastoid portions of those bones. 

There is an obvious difference between the relations of these 
sensory chambers to tlie contained sensory organ, in two of 
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thes63 chambers as compared with the third. The sensory 
apparatuses of the nose and of the ear arc firmly fixed to, or 
within, tlie bony chambers in wliich they are lodged. That of 
the eye, on the other hand, is freely moveable within the orbit. 

An axis, upper and lower arches, chambers for the sensory 
organs, — such are, speaking generally, the components of the 
skull. The special study of these components may be best 
commenced from th(3 (ranio-facual axis. Viewed either from* 
above (Fig. /)2) or from below (Fig. 53 tlie cranio-facial axis is 
seen to be dt^pressed, or flattened from above downwards, 
beliind, and thick and i] early (piadra to in tlie middle; while, 
in front, it is so much compressed, or flattened from side to 
side, that it takes the shaj)e of a tliin vertical plate. In such a 
young skull as that from which the Figures 52 and 53 are taken, 
the depressed hindermost division of tlie axis is united with the 
rest, and with the bones EOyEO, only by synchondroses; and 
is readily separable, in the dry skull, as a distinct bone, which 
is termed the BaHi-occipital (BO), This basi-oc(‘ipital furnishes 
the front lioundary of the 0 (*cipital foramcm ; and its postero- 
lateral ])arts, wh(‘rc tla^y abut against the bones EO^ (‘ontribute, 



52. — (5;uii()-l'aci:il axis ajid hiteral elements of llie sujjei ior Hielies of a human skull 
viewed from above. — r/, the spheno-occipitiil syiiclioiidrosis ^ b, the ethmo-spheuoki 
synehoiidiosis ; r, (he iiibcrvnhnu selhv, imlicatiiig the line of demarcation between 
the basi-sphenoid and the presphenoid ; cf, the lin'jnlte sphcnoubdcii. 



120 


ON THE VERTEBRATE SKULL, 


to a small extent, to the formation of the two ocM^ipital eondyles. 
In the adult skull the basi-oceipital anchyloses completely with 
the ex-occipitul, on the one hand, and with tlie next hone of the 
basi-cranial axis on the other, so that tlie saw must be called to 
our aid in order to demonstrate the bone. 

Ki<T. r>;{ 



Kig. 5:i. — Craiiio-iacial axis and lateral elements ot'lhc superior arches (as iu hig, 52), with 
the pterygoid hones, and without the vomer, A'iewed Irom below. —c, junction of' the 
has i -sphenoid and presplienoid with the internasal (.*artilage ; (/.6\, cornua sphenoidalia ^ 
or bones of Bertin. 

From the synchondrosis a to the point hy in even so young 
a skull as that here represented, the basi-cranial axis is formed 
by one continuous ossification, the JBasi-sphenoul bone, excavated 
superiorly (Figs. 50 and 52) by a saddle-shaped cavity, the sella 
turcieay which lodges the pituitary body, — an organ of no great 
physiological moment, so far as we laiow, but of first-rate mor- 
phological significance. 

On each side of the hinder part of the sella turcica, the 
basi-sphenoid jiresents a groove for the internal carotid artery, 
and this groove is completed in front and externally, by an 
osseous mass, tapering from behind forwards, the lingula 
sj^henoidalisy which lies between the basi-sphenoid and ali- 
sphenoid. At the front part of the sella, separating it from the 
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(It^pressioii for tJie optic commissure, there is a transverse ridge, 
the tuberciilum selhv.^ 1die region between the synclumdrosis 
and the tnbercmlum is the upper surface of the hmi-si^henoid. 
Its under-surfactj (Fig. b3) exhibits a median, wedgosbaped 
portion, terminating abruptly at the point on each side of 
which are stuck on, as it were, two delicate bones, shaped 
somewhat like sugar-bags, vvitli th(ur wide and open ends 
directed forwards and their apices ba(‘kwards. These are the 
l)ones of Ihrtin^ or cornua sphenoidalia^ whicli do not pro])erly 
belong to tlie basi-sphenoid, but (‘oah^sce with it in the course of 
growth. 

From th(^ tuherculum sellm (c) to the point (h) in the upper 
view (Fig. »52), and from the point c, to h of the lower view 
(Fig. .03), the middle region of the cranio-facial axis belongs 
to a tliird bone, the jyresphenoid (PS) which terminates the 
basi-cranial axis. 

I say terminates the basi-cranial axis, because the appear- 
ance of a continuation forwards of that axis by tlie crista gallic 
or upper margin of the lamina pjerpendicularis of the ethmoid 
(see Fig. 50), is altogether fallacious, depending, as it does, upon 
a special peculiarity of the highest Mammalian skulls, which 
arises from the vast development of the cerebral hemispheres. 
In the great majority of Mammalia bolo^v the Apes, in fact, the 
free edge of tlu^ lamina perpendieiilaris is not horizontal, but 
greatly iiudined, or even vertical ; and in these cases the whole 
lamina plaiidy appears to be, what it really always is, btiyond, 
or anterior to, the floor of the brain-case ; while the true basi- 
cranial bones are parts of the floor of the brain-case. 

During fietal life, the basi-sphenoid and presphenoid are 
united only by synchondrosis, traces of which may even be 
discovered (as Virchow has shown) as late as the thirteenth 
year, or later. Even before bii*th tlie two bones become 
amdiylosed superiorly, their junction being marked by the 
iubereulum sellm ; and the remains of the syncdiondrosis extend 

* Where the terma employed in oiir ordinary luindbooka of Hnmaii Anatomy 
do not suffice for my purpose, I adopt those used by Henle in Ids classiiail 
“Haudbuch der Systemutisclicii Anatomic dcs Monschen,” a work of great ac- 
curacy and comprelicnsivenoss, now in course of publication. 



]22 


ON THE VERTEBRATE 8KUET.. 


obliquely from this spot, downwards and forwards, to the 
])oint e (Fig. 53) on the nnder-surfaee of the axis, where its enr- 
tilage bec^omes eontiniions with the osseo-(‘artilaginous inter- 
nasal septnin. 

It is this osseo-(*ai*tilaginous se])tiim between the two nasal 
cavities, tlio n])[)er free edge of wliicli constitutiis the erida 
(julU, ^vhil(‘ the lower fj'ec^ edge supj)orts the i^epinm narhim, 
which terminates the ham- facial ams. 

All the n])p(‘r and middle ]>art of this se]>tiini is formed by 
a thin osseous ])hite, th(‘ lamina of human 

anatomy, or true Ethmoid (Efh.)^ whicli abuts, in front, upon 
the frontal and nasal bones; behind, upon the presphenoid; 
and below, upon a rod-lik(^ mass of cartilage, which becomes 
connedod with the narium and the [)remaxillary bones 

anteriorly and inferiorly, and is obliterated with ago. 

Idle inferior and posterior part of the se[)tum is constituled 
by a bone with a gult(‘r-like upper and antcador boundary, 
wdiich (Unbraces tlie wlahe round(Kl inferior and ])osterior edge 
of tlie cartilage in question, and thus extends frcnn the under- 
surface of the basi“Sphenoid, posteriorly and sn]KU‘iorly, to the 
ifiiddle of the roof of the bony palat(\ anteidorly and inferiorly. 
This bone is tlie Vomer (Vo., Fig. 50). 

Thus tiau’e are three bones in tlie hasi-cranial axis, — the 
basi-oceipitab basi-sjilienoid, and presphenoid ; and there are 
two bones iji the hasi-facial axis, — the ethmoid and the vomer ; 
tli(i essential dilierence betwinui thesis two s(ds of bones bdng 
that tiie former constitute tin; niiddh' ])art of the fl(X)r of 
the brain-case, while the latter ari^ altogeth(U* excluded there- 
from. 

e may now turn to the u[)[>er arches of the skull, or those 
bones which fbrju tlie walls and roof of the brain-case. In 
the young skull fiom Avhkh the Figuios 52 and 53 are taken, the 
postero-lateral niargins of thc^ basi-occi[)ital are united with 
the rest of the occipital bone, only by synchondrosis. Tdie 
parts of the latter wdiich an; thus united with the basi-occipital, 
and wdiich limit tjie sid(;s of the great (M^eipital foramen, are 
jadmitively distirnd boll(^s, — the Ex-oceipitah (Ea),)\ while the 
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squamous part, wliicli bounds llie - posterior S(\i>*inoiit ot tbe 
(oral neu, is known fis the Supra-oenpiitd (So, Sd)» All these 
bones, eventually beeoming amdiylosed together, form the 
oceij)ital bone of the liumau amitomist; or what we may term 
the first, ])osterior, or Occipital scpnmit of the skull. 

From the sides of the basi-s[>lieuoid, external to the linguhc, 
two whle pi'oeesses, well-known as the ‘^greater wings of the 
sphenoid” or Alisplienokls (AS^) spring, and unite suturally 
with the expanded Parietal bones (Pa.), whieh form the dome- 
like erown of the skulk and unite' in the middh3 line in the 
sagittal suture. In this way a se(*oiid, middle, or Parietal 
isegiaeni of the skull is distiiiguisliable. 

In like manner, the presphenoid pass<:‘s, on eaidi side, into 
the smaller ])ro(*ess(3S, the “ lesser Avings of the sphenoid,” 
ahv minoves, or Avings of Ingrassias; wlnVh, on a(*(*ount ot their 
relations to the orluts, have been av(‘]1 named tlui Orlnto^ 
sphenoids (OS). And these, externally and anteriorly, unite by 
suture witli tlio arehed and ex]>ande(l Frontal bones (Fr), 
originally double, and separated by a median frontal suture, 
whieh ordinarily early disa])[)ears. d1ieS(‘ boiK'S not only meet 
in front, but send in proeesses whi(*h roof over the orbits and 
unite with the free autc]’ior edges of the orbito-sj>henoids, tlius 
leaving only a, long and narrow vaeuity, on (audi side; of the 
crida gallt, and in front of the presphenoid. 

The presphenoid, tlie orbito-splumoid, and the frontals are 
the (‘onstituents of the tln’rd, anterior, or Frontal mpnenl of the 
skulk 

It Avill be observed, hoAvever, that this enumeration of the 
bones of the tliree great segments of tla' skull does not aeeount 
for all the distinct osseous elennmts, whieh enter, direcdly and 
indiiectly, into its boundaries. If all the bones mentioned 
are put together, there still remain four considerable vacuities; 
two small, alreaily nn^ntioned, in the })roper front wall of the 
skull, on each side of the crida galli ; and one on each side, 
posteriorly, between the occipital and ])ari(;tal segments, of 
very mu(*h larger size, and extremely irregular form. The 
anterior vacuities are filled up by those s[)ongy osseous masses, 
united with the lamina perpendicular is in tlu' adidt skull, which 
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arc railed lateral masses of tlio Etlimoid/’ or superior 
and middle spongy bones,” and more immediately by the per- 
forated eribriform plate, wliieli allows of tlio passage of the 
filaments of the olfactory nerve, and connects these lateral 
masses witli the lamina iwA^jpimdumlaris, or proper ethmoid. 
Looking at the bones whieli form the immediate walls of the 
nj)per and middle part of the nasal chambers, with reference 
only to the olfactory organs, wo might say, in feet, that the 
anterior vacnity of tlie cranium })roper is sto|)ped by the 
ossified walls of the olfactory sa(*s, consisting of the (dJimoid 
and vomer in the middle line, of tlie superior and middle 
spongy bones (or so-called lateral masses of tlio ethmoid) 
suj)erO“laterally, of the inferior tnrbinal bones inferodaterally. 
And to these ossifications must be added, as members of the 
olfactory group, tlie bones of Lmlin, posteriorly and superiorly, 
and the nasal bones, anteriorly and superiorly. 

The great [)osterior vacaiity on eacdi side is filled up by the 
Temporal hone, \vhi(di consists of a very considerable number of 
distinct elements, only distinguishable by dissection and by 
the study of development in i\ran, but which remain perma- 
nently distinct, and undergo very strange metamorphoses in 
many of the low^er Vertebrates. Some of these constituents 
of the temporal bom}, such as the squamous portion or 8(pia- 
mosal (Sq.), and the Malleus, Incus, and Stapes, are discrimi- 
nated by the student of ordinary human anatomy ; but there 
are many others which he is not in the habit of regarding as dis- 
tinct osseous elements. Thus the bony ‘‘ external auditory 
meatus” is primitively a distinct bone, t(3rmed Ti/inpanic (Tj/.) 
on account of its affording tlio frame in wliich almost the whole 
of the tympanic membrane is set. The Styloid process (St) 
is originally a distinct bone. And, lastly, the pars petrosa and 
pars mastoidea of human anatomy are, in reality, made up of 
three distinct ossifications, of wdiich I shall have to say more 
presently, but which I shall sjieak of for the pi'esent under the 
co]le(dive name of the Periotic boiu's, bc^cause they immediately 
surround tlie organ of Iiearing. 

Not merely the pm-iotic, but also the squamosal and tym- 
panic bones are so closely related to the auditory organ, that 
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the posiero-liiteral a})ertures of the cranium mny bo said to 
be stop])ed by the osseous cliambers of the auditory organ, 
i]i tlie same way as tlu^ anterior apertures are closed by the 
osseous chambers of the olfactory oi-gans. As the eye is con- 
tained only in a mobile fibrous capsule, the sclerotic, the 
apertures wliicli lead to the orl)it — the spheno-orbital fissures 
and the optic foramina — are not closed by any special bones 
pertaining to the sensory organ lodged therein. 

Thus the brain-case may be said to be composed of three 
superior arches (‘onnccted respectively with the three divisions 
of the basi-cranial axis, and of two pair — an anterior and a 
posterior — of bony sense capsules interposed between these 
arches. A middle, third pair of sense capsules is not repre- 
sented by bone in tlie cranial walls. 

In like maniKU', the fac^e may be resolved into a series of 
bones, occuTTing in pairs from before backv\ards, and forming 
more or less wctl-defined lower arches, some of which embrace 
the nasal cavity, being placed in front of, or above, the oral 
ai)erture, while others enclose the buccal chamber, and are 
situated behind and below the oral apeiture. Of the former, 
pre-oral bones, there are four pairs — tlie Preioiaxilhe (Fmx,), 
the Maxilha (Mx,), tla^ Palatines (PI), and the Pferpfp^uls (Pt.). 

The Preinaxillie, which lodges the upjier incisor teeth, so 
early lose their distinctness in man, by becoming anchylosed 
with the maxillary bones (at any rate externally and anteriorly) 
that they are rarely recognised as separate bones. Neverthe- 
less, a suture extending upon the bony palate from* tlie pos- 
terior margin of the alveolus of the outer incisoi’s to the 
incisive foramen, very commonly persists, as an indication of 
the primitive sejiaratiou of these bones. The most important 
(haiacter of the premaxillm, regarded morphologically, is, that 
tlu^y are connected, superiorily, with the anterioi- terminatioii of 
the cranio-facial axis, and that this conm etion is a primary one. 
Each premaxilla passes from its inner end, which is united with 
the axis, outwards and backwards, and two of the other three 
pair of pre-oral bones have similar relations to the cranio-facial 
axis. The anterior of these are the Palatine bones; the inner, 
or sphenoidal, processes of whi(*h are (*onnccted with the basi- 
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sphenoid and witli the vomer ; Avliilc tlio outer, or orbital, 
processes artienlate with the so-called lateral masses of tlie 
ethmoid and Avith tlio maxilla; so that the upper j)art of e‘ach 
palatine bone is dii'ected, from the eranio-faeial axis, with which 
its inner end is connected, outwards and forwards (Fig. 54). Tlie 
third pair of bones, the Fteri/goich. are the internal ])tcrygoid 
processes, — bones which are originally quite distiiK't from the 
sphenoid, Avhile the external pterygoid processes are of a very 
different character, being mere outgrowths of tin' alisphenoids. 
These are connected with the l)asi-s|)lHmoid (or ratln'r with the 
Ungiilce splienoidales), above, and, in front, with the palatines, 
while their planes are directed bafdvwards and somewhat out- 
wards. The fourth ])air of pre-oral bones — the Maxilla ? — are 
connected in front and int(nnally with the premaxilhT, and 
behind and internally with the palatines, but tliey nowhere conn' . 
into direct contact with the cninio-facial axis, at least primarily. 

I make the latter qualification because the vonn'r articulates 
with the superior surla<*e of tlu' palatine ])lates of the maxilhe, 
and it may b(' said that, in this way, the maxilhe do unite with 
the cranio-facial axis. This articulation, howev('r, has nothing 
to do with the jaiinitive connections of the Ixaies, but depends 
U])on a moditication of the maxilhe peculiar to the higher 
vertebrata. The bony apertures — called “ postei’ior nar(‘s ” — iji 
Man, for example, are structures of a totally different character 
from, and su])eradded to, what are called the postmuor iiarc'S 
in a frog, or ordinary lizard, or bii'd. Jji these low(‘r Vcu’te- 
brates, the ])ost(n*ior nares are ap(‘rtures, bounded on the inner 
side, by the vomer ; oji the out(‘r side and behind, l)y the 
palatine bones ; in front, by the premaxillm and maxilhe. In 
Man, on the other hand, the apertures so called <are limited, it is 
true, on the iniK'r sid(! by the vomer, and on the outer side 
by the palatine bones ; but they are also bounded below and in 
front by the j)ahitino bones, <and the premaxilla' and maxilhe 
have nothing to do Avith thenn On looking closely into the 
matter, hoAvever, itAvill be found that that region of tlie palatine 
which forms the outer and inferior boundary of the posterior 
nares of Man is a something which has no rc'presentative in the,y, 
lower Vertebrate. 
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But if, with u tiiio saw,, the f»Toater ])art of the perpend ieiilar 
jdate of the palatines, and the ('orrespondini>’ part of the ina^i^il- 
laries, and, with these, their palatine platt^s, he cut away, 
leaving only the [)reinaxilhe, vomer, and upper parts of the 
maxillary and palatine bones; it will be found that hinder 
nares are left, whicli entirely correspond with the ‘‘posterior 
11 ares ” of a bird or of an amphibian; that is to say, they are 
passages between the vomer in the iniddh' line, the premaxillsB 
and maxilhe in front and externally, and the ])alatines ex- 
ternally and Indiind. 


y V 



{•yr. .54. — Tlie b^si* of n human skull — Iho nasal, ethmoid, v<>u:erine, mnxiilai’y, palntino, and 
ptei'vgoid hones heiiii; cut throngli horizojitall y, and their lower portions removed, 
d'h ' entiiv riyht maxilla is taken away, 'the posterior pair of letters, AW, are situated 
in tile median nares, wliich are inco]n{)lete, in tiont, in consequence of the lemoval of 
the jiremaxilla?. 

In I'act, the apertures of the nasal chamber into the mouth, 
thus artificially exposed, are those which originally exist in 
Man and the liigher Vertehrata ; but the downward growth of 
maxilla into its alveolar process, and of the palatine bone 
into its perpendicular plnte, together with the production inwards 
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of tlio paliitiiie plates of tliese bones, which ovontnally unite with 
the vomer, give rise to the apertures, whi(*h are ordinarily 
called posterior nares. So that in Man, for example, there are 
three pairs of “ nares — the external, situated between the 
anterior end of the internasal septum, the nasal bones, and the 
premaxilhe, as in the lower Vertebrates ; the median, between 
the vomer, the palatines, and the premaxillo?, which correspond 
with the posterior nares of the lower Vertebrates; and the 
])osterior, between the vomer, internally, and the palatines 
above, at the sides, and below, Avhicdi are peculiar to the higher 
Vertebrates. 

And, to return to the maxilla, we find that it really differs 
altogether from the other pre-oral bones, and is, as it were, 
fastened on to the outer sides of the premaxillary and palatine 
bones, without having any primary direct connection with the 
cranio-facial axis. 

The posUoral bones surround the bucciil cavity, and form 
two distinct arches — the mandibular and the hyoldean, Neither 
of these arches is directly connected with the cranio-facial 
axis, nor ^vith tlic segments of the brain-case, but both are 
suspended to different parts of the t(unporal bone, which is so 
singularly inter calated betweam tin* middl(‘ and posterior of those 
segments. 

The lower jaw or Mandible (Mn) consists of two rami, anchy- 
losed at the symphysis, and each consisting of a single piece, the 
condyle of which articulates with the sipuimosal. 

The Hyoid bone (Ily), composed ol’its body and two pairs of 
cornua, does not articulate directly with tlie temporal bone, 
but ligaments connect it with the styloid processes, and these 
last bones unite with the posterior part of the periotic capsules. 

Thus, the natural connections of the bones by no means 
allow of the se])aration of the walls of the lower chambers of 
the Jiuman skull into a series of arches springing from, and 
corresponding with, the axial parts, as we found to be the case 
with the walls of the upper chambers. 

If tlie tempoj-al bone be detached, the hyoidean and man- 
dibular arches come with it, and exhibit no connection with*' 
the occipital or the parietal segments. Indeed, the latter is 
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preoccupied by the pterygoid and the palatine, both of which 
are connected with the basi-sphenoid (at least with the Ungulm)-, 
while the anterior part of the palatine is also connected, in the 
adult state, with tlie presphenoid, by the intermediation of the 
cornua sphenoidaUa. 

Two bones yet remain to be mentioned wliich come neither 
into tlie category of axial bones, nor of superior or inferior arch 
bones, nor, strictly speaking, of sense-caj^sule bones. These are 
tlie Lachrymal (L), intercalated between the nasal, maxillary, 
and lateral mass of the ethmoid, and serving to lodge the con- 
duit which places the orbit and the nasal cavity in communi- 
cation ; and the Jugal or Malar (Ju\ which connects the bones 
of tlie orbital chamber with the s((uainosal element of the tem- 
poral bone. 

The skull, thus composed, serves as a protection to the organs 
ivhich are lodged within it, and which are of as great importance 
in tlieir mor[)hological, as in their physiological, asp(:*ct. 

Idle cerebral hemispheres and cerebellum, with their de- 
jiendent parts, fill the cranial cavity, tlie lower lateral margin of 
the ])osterior cerebral lobes corresponding with the torcular 
IlcroiJiiU and the lateral sinuses, on the inner surface of the 
oecij vital bone; or, in otlier words, with the line of attachment 
of the tentorium. Certain axial parts of the brain have definite 
relations to the axial parts of the cranium. Thus, the medulla 
oblongata lies upon the liasi-occipitah Jdie pituitary body 
rests u[)on the ujiper surface of the basi-sphenoid, this bone con- 
stituting the chief part of the front as well as of the hinder ^vall 
of the sella turcica. The chiasma of the optic nerves rests upon 
the hinder portion of the upper face of the jiresphcnoid, and the 
peduncles of the olfactory nerves upon the front portion of that 
face. The terinination of the axial parts of the brain in the 
lamina terminalis of the third ventricle corresponds pretty 
nearly with the tiTmination of the basi-cranial axis in the ante- 
rioj‘ extremity of the presphenoid. 

Not less important are the relations of many of the cerebral 
nerves to the lateral elements of the arches of the brain-case. 

The fdaments of the (jlfiictory nerves pass out through the 

K 
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cribrifonu plates, leaving the ethmoid proper, or lamina perpen- 
dic/ularis, upon their inner side, and the lateral mnssesof the eth- 
moid, or superior and middle spongy'bones, upon their outer sides. 

The optic nerves pass out through the optic foramina, situated 
between tlie roots of the orbito-spheiioids, from the cMasma, 
wliich rests, as has just been stated, upon the posterior and upper 
])art of the i)res})henoid. Hence it follows, that the presphenoid 
lies in front of, and between, tlie optic nerves, which embrace 
it, as in a fork, from behind. 

Jhe third and fourth pairs are not of so much morphological 
importaiK^e tluit I need dwell upon tliem, but the trigeminal 
affords first-rate cranial landmarks by its nasal branch and its 
whole third division. The nasal nerve enters the orbit by the 
foramen laeernm anfey'ius, passes to the inner side of the eye, 
and then, traven’sing the anterior of the two ethmoidal foramina, 
perforates the lateral mass of the ethmoid,’' and entering the 
cavity of the bony cranium, though it always lies beneath the 
dura mater, skirts the olfaxdory aperture, and passes out into 
the nasal cavity, by an a])Oi*turo in the front part of the cribri- 
form plate. We shall find tliis irregular perforation of the 
lateral mass of tlie ethmoid,” by the nasal division of the fifth 
nerve, to be an excellent guide to the determination of the 
homologue of the bone in the lower Verfehrata, 

'The third division of the trigeminal traverses the foramen 
ovale in the posterior part of the alisphenoid, so that it makers 
its (^xit behind tlic greater part of that bone, and altogether in 
front of the perioti(* bone. 

The portio dura enters the internal auditory foramen in the 
periotic mass, runs idong its canal, situated above ihe fenestra 
ovalis, and eventually [lasses out by the stylo-mastoid foramen. 
It therefore perforates the fore part of the periotic, passing in 
front of the nuunbranous labyrinth. The portio mollis also enters 
the periotic bone by the internal auditory Ibramen, and it termi- 
nates in the membranous labyrinth. 

The eighth pair passes out through the foramen Jacerum 
posierius completely behind the periotic (which thus lies between 
the exits of the fifth and of the eighth pairs), and in front of 
the ex-occipital s. 
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The ninth paii^ perforates the cx-occipitals in front of the 
(‘ondyles. 

With regard to tlio relations of tlie nerves to the inferior 
arches of the skull, only one eircnmstance calls for particular 
notice, — the distribution of the terminal divisions of the^or^^o 
dura. This nerve divides, as it. is about to leave the temporal 
bone, into two portions, the larger of which passes out by the 
stylo-mastoid foramen, and, besides giving off many other 
branches, supplies certain muscles of the hyoidean apparatus. 

The smaller division of the nerve, of comparatively insignifi- 
cant size — the chorda tynvpani — returns to the tympanic cavity, 
crosses it, and leaving it by an aperture internal to, and above 
the tympanic element, runs down upon the inner side of the 
lower jaw. In Man, the great development of the fecial muscles 
gives a predominance to the branches of the portio dura which 
supply them ; but, in the lower Vertebrates, the nerve bec.'omes 
more and more completely represented by simple mandibular 
and hyoidean divisions, corresponding respectively with the 
chorda tym;pani and the branches distributed to the stylo-hyoid 
and digastric. 

In the preceding description of the architecture of tlie human 
slaill, I have, as far as possible, avoided complicating the gene- 
ral view of its structure which I have desired to give, by enter- 

Fig. 55. 



tig. 55. — Human left ttnnporal bono, half the natural si/e. — a 6, posterior root ot the 
zygomatic process; r, middle root ; /, anterior root ; 6, j)Ost-auditory fossa ; ni z, long 
processes of the malleus and of the incus. 
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iijg into any details vvliicli were not strictly iiecessary ; but there 
remains one part of the cranium — tlie temporal bone — tlie struc- 
ture of whicli must be carefully and dlioroughly investigated, if 
we desire to understand the modifications undergone by the 
bones which corres})ond with its constituent elements in other 
Vertehmta. 

Viewed from witliout, the temporal bone presents the well- 
known pars squamosa (Sq.) and qxirs mastoidea (M), in the 
re-entering angle between which, the tympanic element (Tj/.) is 
fixed (Fig. 55). 

No suture se|)arates the jxirs squamosa from the pars mas- 
toidea, but the posterior limits of the former are indicated, in the 
first place, by the curved as(*ending portion of the posterior root 
of the zygoma (a h), which bounds the attachment of the tempo- 
ral muscle ; and secondly, by a curved ridge, convex backwards 
and differently defined in different subjects — the mar go tymp^a- 
mens of Henle — which passes downwards, behind the auditory 
meatus, until it cuts the contour of tlie tympanic bone. Near 
the upper end of this ridge, or post-auditory process,” is an 
elongated post -auditory fossa ” (&), more marked in old than 
in young subjects. 

The portion of the squamosal element, the free edge of which 
terminates in this ridge, forms an arch, of which the posterior 
pillar constitutes the posterior and upper wall of the auditory 
meatus, while the anterior pillar forms the front boundary of the 
glenoid cavity. The centre of the arch is interrupted by the 
middle root of the zygoma {e), or “ the post-glenoidal process ” of 
the squamosal, whicli runs, as a wedge-shaped ridge, transversely 
to the span of the arch. 

The upper edge of the anterior wall of the gutter-shaped 
tympanic bone (which forms the hinder boundary of the glenoid 
cavity), unites with this ridge, crossing its direction obliquely 
inwards and forwards. Beyond the ridge it is no longer united 
with the squamosal, but, keeping its oblicpio direction, crosses 
rather to the inner side of the lower edge of that bone, and 
leaves the Glaserian fissure between the squamosal and itself. 

A section taken through both the external and the internal 
auditory meatuses (Fig. 5(J) shows that this arched plate of the 



THE STRUCTURE OF THE HUMAN SKULL. 


183 


squmnosal is interposed between the upper half of the tympanic 
and tlie upper parts of the ]f)ars petrosa and pars masfoidea^ the 
depth of the interposed squamosal being greatest posteriorly, 
while it diminishes to nothing anteriorly. 

The upper region of tlife imrs petrosa, however, does Tiot 
dire(*tly abut, by its thick mass, - against tlie squamosal, but by 
a thin horizontal plate, which roofs over the tym|)ajium, tlu^ 


Fio-. r>6. 



I’iir. r>li. — Views of the petrous and l.yiiipnuic portions of tlie right temporal bone of the 
skull rejiresented in Figs. 48 and 49, magnilied two diameters. — A, tlie anterior lialf of 
the bone; />*, its jiosterior lialf; internal meatus; external meatus; d, 

processus cochleariformis ; b, chamber in wdiicli the heads of the malleus and incus 
lie ; c, groove for the tympanic membrane ; aV, F,C., superior vertical semicircular 
canal ; external semicircular canal; p*c,, posterior vertical semicircular canal ; 
Co, cochlea; P, Pyramid ; fenestra ovalis ; canal for poitia dura ; ] //^ 

ibr portio mollis. 
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Eustacbijiu tube, and the antrum mastoideum, and is the tegmen 
tymi^anL^ 

The lower region of i\iQ "pars petrosa in like manner gives otf 
a thiclcer and sliorter plate, which forms tlie floor of the Eusta- 
chian tube and the outer or inferioi*^ boundary of the carotid 
canal, in front ; the floor of the tympanum, in the middle ; and 
then, becoming gi’adually thicker, constitutes the lower boun- 
dary of the antrum mastoideunu It is with the outer edge of 
this inferior, or floor-plate, of tlie tympanum that the lower por- 
tion of tympanic bone becomes anchylosed. The inner wall is 
of course constituted by the outer surface of the more massive 
part of tlie pars petrosa, 'J’hus, the roof and part of the floor of 
the tympanum are formed by the superior and inferior prolonga- 
tions of the pars petrosa^ while the outer wall of the tympanum 
is constituted above by the squamosal, and below by the tym- 
panic. A section taken vertically and transversely to the axis 
of the skull through the middle of the fenestra ovalis, in the way 
described above, shows that the squamosal limits, externally, an 
upper chamber of the tympanum (6, Fig. bb), which is nearly as 
deep as, and is wider than, the lower division, bounded externally 
by the tympanic membrane and tynqianic bone (Fig. 5b). It is in 
this upper chamber that the heads of the malleus and incus are 
lodged, the handle of the one and the long process of the other, 
only, depending into the proper tympanic cavity. Hence, in 
looking into the tympanum from Avithout (Fig. 55) when the ear- 
bones are m situ, only these processes are seen, the heads of 
both malleus and incus being hidden by the arched plate of the 
squamosal. 

Thus, the tympanum is formed by a very complicated adjust- 
ment of bony elements, and we shall by and by see reason to 
believe that it is even more comjdex than it now appears to be, 
inasmuch as the s>0‘Qa\\oA\ pars petrosa will prove to be composed 
of two distinct elements; an inferior, opistlioticy bone, conhiining 
the lower part of the cochlea, and a superior, iiro-ofe'c, sheltering 
the greater part of tlie vestibule, the upper part of the cochlea, 
the anterior vertical semicircular canal, part of the posterior 
vertical canal, and the external semicircular canal. 

* Jt lios immediately beneath the letters Pr.O., Fig, 00, A. 
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Behind the posterior boundary of the squamosal, constituted 
bytlie two diverging lines above described (Fig. 55), lies all that 
portion of the temporal bone which is known as the pai's mas- 
toidea. But, as I shall liave occasion to demonstrate, when ex- 
plaining the mode of development of tlie temporal bone, this 
pars mastoldea is, in reality, made up of extensions of two of the 
primitive constituents of the pars petrosa, and of a third element, 
the epiotic. The posterior margin of the squamosal, as above 
described, may be said roughly to form two sides of a parallelo- 
gram. Tlie third side is tlic thick j)art of the uppenedge of the 
pars mastoidea, corresponding with the termination of the upper 
and anterior surface of the pars petrosa on the inner side of 
the bone. If a fourth side is made by an imaginary line con- 
necting the ends of the others, the bony surface whicth lies above 
and in front of the line will, as nearly as possible, belong to the 
pro-otic element, while that wliich lies below and b<hind it, in- 
cluding the mastoid process, appertains to the epiotie. On tlie 
other hand, a certain amount of the pars mastoidea internal to 
the digasti'ic groove belongs to the opisthotic. 
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THE DEYELOPiMKNT OF THE HUMAN SKULT.. 

As might be expected from the nature of the ease, it lias not 
yet been possible to obtain a series of Iniinan embryos, in every 
stage of dev(do})inent, suHiciently largo to enable embryologists 
to work (Hit al] the details of tlio foj-niation of tJio hnnian skull. 
But all higher vertebrate embryos so nearly follow one and the 
same type of early developmental modifi(?ation, that wo may 
reason, with perf(‘(*t eonli(len(.!e, from the analogy of the lowin' 
Vertel)rates to man, and till up the blanks of our observations 
of human emluyos by investigations of the chick, tlie dog, the 
rabbit, or the pig. 

In the chick,* the first indication of the body of the embryo 
is an elongated, elevated area of the blastoderm, the axis of 
which is traversed by a linear groove. The one end of the 
elongated area is wider and more distinctly raised up from the 
rest of the blastoderm, than the other: it is the cephalic end 
(Fig. 31, A, a), and the linear groove stops short of the rounded 
extremity of tliis part of the elevated area. A peculiar cellular 
cylinder, tapering off at each end, the notochord, is soon dis- 
cerned occupying the bottom of this groove, beneath the outer, 
serous, or neiiro-epidormic layer of the germ. 

A laminar outgrowth of the convex summits of the ridges 
whicli bound the primitive groove now^ takes place, in that part 
of the embryo, 'which will eventually become the middle region 
* See liOctiire IV., pp. 04— 
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of the head ; and the dorsal laminse, tlius produced, extending 
forwards and backwards, like parapets^ upon each side of the 
primitive groove, lay the foundations of the lateral walls, not 
only of the skull, but of the spinal column. 

Very early, however, the boundary line between, skull and 
spinal column is laid down, by the appearance in the substance 
of the biises of the dorsal lamina3 and the adjacent middle layer 
of the blastoderm, of the first pair of those quadrate masses 
of condensed tissue, the iwoto^vertebrm Urwirbol of tlie 
German writers), which are the foundations, not only of the 
bodies of the vertebrm, but of the spinal muscles and ganglia. 
The proto-vertebrae increase in number from before backwards ; 
and, at length, extend through the whoh^. range of the spinal 
colnmn, while none ever make their appearance in the region 
whieli will be converted into the skull. 

The edges of tlie dorsal lamina) now unite, the coalescence 
taking place first in tlie middle cephalic region, and extending 
tlnmce backwards and forwards;" at the same time, the cephalic 
camil becomes separated into three distinct dilatations, or cere- 
bral vesicles, of which the anterior is by far the most marked 
(Fig. 07, A, J, II III). 

The rudimentary cranial cavity next becomes bent U])on 
itself in such a manner, that tluj longitudinal axis of the tirst 
cerebral vesicle takes a direction at right angles to the axis of 
the third, and of the spinal canal generally. In consequence of 
this change, the middle cerebral vesicle occupies the summit 
of the angulation, and becomes the most anterior point of the 
whole body (Fig. 57, C, D). 

Idle l)end thus produced is the cranial flexure. It results 
in the division of the lloor of the cranial cavity into two parts, 
an anterior and a posterior, which are at right angles to one 
another (Fig. 57, C, D, E). Hitherto, no trace of the noto- 
chord has been observed in the anterior division, that structiu’e 
ending in a point behind the flexure (Fig. 57, I), E, h). 

As development ])roceeds, the anterior cerebral vesicle be- 
comes divided into two portions,— an anterior, the vesicle of the 
cerebral hemispheres (J") ; and a posterior, the vesicle of the 
third ventricle {I^\ In the upper wall of the vesicle of the third 



Fi^. 57. 
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ventricle the rudimentary pineal gland (e) makes its appearance 
in the middle line. From the middle of the lower wall gj;ows 
out a process, the infundibuhim,^ terminating in a glandular 
ap})endage, the pituitary body, which last is lodged in the deep 
fossa situated in the floor of the anterior division of the skull, 
immediately in front of, and. beneath, the termination of the 
notochord (Fig. 57, B, l), d). ' i 

The three pairs of sensory organs^ appertaining to the higher 
senses, — the nasal sacs, the eyes, and the ears, — arise as simple 
creeal involutions of the external integument of the head of th(‘ 
embryo. That such is the case, so far as the olfactory sacs 
are concerned, is obvious ; and it is not difficult to observe that 
the lens and the anterior chamber of the eye are produced in 
a perfectly similar manner. It is not so easy to see that tln^ 
lal)\’j’inth of the oar arises in this way, as tlie sac rc^siilting from 
the involution of the ijitegument is small, and remains open 
but a very short time (Fig. 57, 0, h). But T have so frecpiently 
veriHed Huschke’s and llemak’s statement that it does so arise, 
that 1 entertain no doubt whatever of the fact.* The outer 
ends of the olfactory sacs remain o])en, but those of the ocular 
jind auditory sacs rapidly close uj), and shut oif their (*ontents 
ifom all direct communication with the exterior. The olfactory 
nerve is developed from the anterior division of the anterior cere- 
bral vesicle. The optic nerve is primarily developed from the 
posterior division of that vesicle, its connection with the middle 
vesicle (which eventually gives rise to the corpora f/tnolr^'t/vin/uo) 


vesicle of the tliird ventricle ; a, rudiments of the eyes and optic nerves ; 6, of the 
eai s ; r/, of the olfactoi y oro-mis ; dj the infnndihuluni ; 6’, the pineal ^land ; c, proto- 
vertebra.* ; h, notochord ; 1 , 2, o, 4, 5, visceral arclics ; F, Vt /, VII f, the 
tii^Tininal, portio dnra, and eighth pair of cranial nerves; k, the fronto-nasal process ; 
/, the maxillary process ; .r, tlie lirst visceral cleft. 

A, B, upper and under views of the head of a chick at the end of the second day. 

C, side view at the third day. 

I-), side view at seventy-five hours. 

L, side view of the head of a chick at the fifth day, which has been subjected to 
slight pressure. 

1'’, head of a chick at the sixth day, viewed from below, 
ilio cartilaginous cranium of the same. 

B, pituitary space ; tr, trabecuhe ; Qti^ quadrate cartilage ; Sc^ semicircular canals ; 
Co, C(X*-lilea. 

(j, head of a chick at the seventh day, from below. 


* See also Kolliker’s “ Eiitwickelungs Geschichto,” p. 300, et neq. 
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being only secondary. Tlic auditory iK^’ve is developed in the 
blastoderm adjacent to the tljird cerebral vesicle, so that the 
three pairs of sensc-capsnlcs do not correspond with the three 
primary eei’ebral vesicles. 

While those clianges liave been going on in the proper 
cranial portion of the embryo, the rudiments of the face have 
made their appearance under a very singular guise. As tlie 
homologues of the dorsal lainiiue in tlu^ liead have grown up- 
wards to ijiclose the cephalic cavity, so, plates, vvdiich correspond 
with the visceral lamime of the trunk, have growTi downwards, 
to constitute the posterior walls of the buccal, pharyngeal, and 
cervical n^gions. These vis('eral plates, liowevcu’, do not remain 
entire and undivided, as do those of the trunk, but grooves 
appear in them, directed transversely to the axis of the trunk, 
and, the grooves deepening, eventually bec^ome converted into 
slits — the visceral clefts — whicdi open into the pharyngeal (.*avity, 
and bound corresponding visceral arches, ddie first slit is 
situated immediately l)elow and in front ot the auditory sac, 
and separates the first and second visceral arches, — the anterior 
boundary of the former being determined by the edges of a 
depression of the integument which will eventually becoinc the 
buccal cavity (Fig. 57, ( 3 ). A third, fourth, and liftli visceral 
arch are developed in successive order behind tlie first and 
second (Fig. 57, D, and Fig. 32, F) ; but as they are of no great 
moment in refereiieo to the human skull, our attention jnay be 
confined to the latter. 

It is p>articularly worthy of notice tliat, from the monumt at 
wliicli it is discernible as a distinct part, the root of the first 
visceral arch passes into the rudimentary cranium below, and in 
front of, the forepart of the auditory sac, while the root of the 
second is attached below and behind that sac. We sliall find 
that the parts developed within these arches retain the same posi- 
tion in the adult state ; so that any hypothesis which involves 
the supposition of an extensive change of place of these parts in 
the course of development is, ?fso facto, unworthy of consideration. 

Both the first and second visceral arches are connected with 
that part of the cranium which lies beliind the flexure ; but the 
inflected portion of the cranium in front of the bend exhibits, 
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on each side, running from the root of the first visceral arch 
beneath the eye' to the nasal sac, a ridge or elevation, which is 
called the maxillary process, awA might be regarded as a visceral 
arcJi of the anterior division of the skull, from tlie base of which 
it is developed (Fig. 32, G, and Z, Fig. 57, F). 

Lastly, the middle part of the floor of the anterior cerebral 
vesicle, between the nasal sacs, thickens and gives rise to a 
broad, flat median process, with an expanded extremity, the 
terminal contour of which is excavated and slightly produced 
at the angles — \\\q fronto-nasal process (Fig. 57, F, /j). 

At first, the cranium and all its arches are membranous, or 
composed of mere indifferent tissue, with the exception of the 
axial notochord; but, very early, chondrification commences. 
The indiffi^rent tissue surrounding the notochord (the invest- 
ing mass’" of llathke) (Fig. 57, 0, D,/), is converted into carti- 
lage, and the same histological change takes place in the walls 
of the auditory capsules, and around the foramen magnum ; the 
cartilage stops in the middle lino, behind the pituitary body, 
but scalds two pro(a:^sses, one on each side of that body, into tlie 
floor of the anterior division of the skull (Fig. 57, F\Zr). These 
})rocesses, the traheeulm eranii, of Kathke, unite in front, and 
the cartilage formed by their union ends in the fronto-nasal 
process. The roof of the skull, and the greater part of its side- 
walls, except in the region of the foramen magnum, are, at first, 
entirely membranous. Chondrification next takes place in the 
visceral arches ; a rod of that substance, which coalesces with 
its fellow in the middle line, being formed in the axis of the 
several arches on eaidi side. 

Purposing to return to the visceral arches by and by, 1 
shall now trace out the modifications which are undergone by 
tlie chondro-membranous brain-case. In the occipital region, 
and about the auditory capsules, which early attain a very largo 
jiroportional size, the cartilage extends for some distance upon 
the infero-lateral parietes of the skull; on the floor of the 
posterior division of the skull it thickens notably, and forms a 
sort of model of the future basi-occipital and basi-sphenoidal 
regions, the interspace between tlie trabecuhe becoming rapidly 
obliterated and converted into the floor of the pituitary fossa. 
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In front, the coalesced traheciilaB become changed into a pl||^ 
of cartilage, compressed from side to side, which occupies the 
middle of the gradually-narrowing fronto-nasal process, as the 
ethrao-vomerine, or internasal, cartilage. 

From the sides of the basi-sphenoid cartilaginous plates are 
developed, which foreshadow the form and relations of the 
alisphenoids ; at the sides of the presphoTioidal region of tlie 
cartilage, similar plates represent the orbito-sphenoids. In 
front of these the upper part of the internasal, or ethmoidal, car- 
tilage passes laterally into broad deflected cartilaginous lamella), 
which curve round the olfactory sacs, and occupy the places of 
the lateral masses of the ethmoid and the inferior tiirbinal bones. 

Thus far the terms of my description are almost as appli- 
cable to the embry onic cranium of Man fts to that of the cliick. 

The human cranium has been obsei’ved forming part of an 
open groove ; it undergoes a flexure, and develops visceral 
arches altogether similar to those of the chick, nor is there any 
reason to doubt tliat the organs of sense are developed in the 
same manner. Tlie very earliest condition of the cartilaginous 
cranium of tlie human embryo lias not been observed ; but, at 
the beginning of the second montli, it consists wholly of carti- 
lage and of membrane, disposed in a manner which differs only 
in detail from that seen in the chick. Thus the occipital fora- 
men is surrounded by cartilage, continuous with that which 
extends tlirough the basi-sphenoidal, jircsphenoidal, and ethmoidal 
regions to the anterior end of the face. The alisphenoids and 
orbito-sphenoids are re])resented by cartilage, and cartilaginous 
plates arch down from the summit of the internasal cartilage, 
on each side, to form the substratum on which, the nasal ^bones 
and, in which, the sjiongy bones will be developed. That part 
of the cranial cartilage which lodges the auditory organ is 
exceedingly large, and constitutes, not only an oval capsule for 
the membranous labyrinth, but sends back a continuation which 
fills the space corresponding to the mastoidea, and extends 
somewhat higher than it beneath the parietal I'egioii of the 
skull. All the upper part of the cranium is and remains simply 
jnembraiious. 
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^Ihe relations of tlie regions of the chondro-cranium thus 
formed to the parts of the brain and to the exits of the nerves 
are the same as those which are observed in the bones which 
they prefigure. 

When thes6 bones begin to be developed, some of them 
make their appearance in the cartilage of the embryonic skull, 
some in the perichondrium, others in the membranous roof 
which is continuous with the perichondrium. 

A single ossification appears around the notochord in the 
basi-occipital region, and lays the foundation for the basi- 
occipital bone. The ex-occipitals commence as single centres of 
ossification in the cartilage bounding the sides of the foramen 
magnum. The supra-occipital (SO) is developed from two 
ossifications in the cartilage above the foramen magnum, and 


Fig. 58. 



Kig. 58. — Successiv^e cmbryoDic conditions of the human head (after Ecker). — /, //, the 
fu st and second cerebral vesicles. 1, 2, ih the visceial arches ; the maxillary 
pi occ-ss ; 6, the eye ; nf, the middle naso-frontal process ; c, the lateral naso-trontal 
process ; t, the tongue ; an, the outer part of the first visceral cleft, which eventually 
gives rise to the external auditory meatus. 

A, at throe weeks. 

B, at five weeks. ► 

0, at six weeks. '■ 

I), at seven weeks. 

E, at eight weeks. 

I’, outline side view of E. 
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from two otliers which appear, not in cartilage, but in the rnejsn- 
branoiis roof of the skull above the limits of the cartilage, and 
so give rise to that part of the squama occipitis marked 80 \ 

The basi-sphenoid is developed from two centres of ossifica- 
tion which aj)pear in the floor of the sella turcica^ but speedily 
coalesce into one. Two separate centres of ossification appear 
in tlie cartilage between these and the alisphenoidsy^aiid form 
the Ungnlie si)henoulales, Eacli alisphenoid is developed from a 


Fii;. 59. 



Kig. 59. — A, u]>per, and U, under view ot‘ the basis cranii and periotic cartilage of a 
linman fetus eight inches long. The alisphenoidal and immediately adjacent parts oi 
the basi-sphenoid are omitted. The cartilage is darkly shaded, while the osseous de- 
posits are left white, or but lightly shadwi. The greater part of the supia-occipital 
is cut away. The clear spaces close to the dotted Imes leading from are apertures 
in the I’artiiage. The epiotie classification luus not yet appeared, and the pro-otic and 
opisthotic ossifications arc quite distinct on the right side. 
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single centre in its cartilaginous predecessor, but the parietals 
are tlie result, not of the ossification of cartilage, but of that 
of the membrane which roofs in the skull. Each lias its own 
centre of ossitieation in tliis memlmine. 

The presf)lienoi(l arises by two separate centres of ossification, 
one on the inner side of emdi. optic foramen. (ITg. 59, P.S.) 
^J'hese centres coalesce with the orbito-sphenoids of their own 
side before they unite with one another. The osseous oi’bito- 

* Tlio of OHsiiic'atfoii of ilui splioaoiM bouo is oiio <if tlio most ditficult ques- 

tions in osieoi^onosis. MtH'kcl Juis workcU (jiit (lie problem at great Iraigtli in his 
“Au'liiv,” Bih i., and tlius sums up his results in the “ Haudbiieh der Menschliclicn 
Anatmuie," Bd. ii., jqn 102-t ; — 

“In tlio third month, tla; tirst osseous iiwlei a])]H'}ir in the two gu'at wings, and 
sexm afterwan.ls the iidei-nal pterygoitl }»j;o(*esses begin to ossify as separate l>ones. 
N(‘xt, a thinl y)air of ossifieations ay^ju'ars in the external eiiriiniference of the aim 
minou's ; and tlien, about tin* fourth month, a seventh andeiglitli uuehns, winch lif3 
side l.»y side in tlie l^ody of the sidimuad. In the tifth montli is formed, alongside 
this fourtli pair, a tifth, Ix'tweeu it and the great wdngs. Upon this tlic two median 
nuclei of tlie body eoalesee. Soon arisc's a sixth nucleus, on the inner sidi‘ of the 
optic htranu^n, and then a seventli apjiears between this and the fourth, so that, about 
the beginning ot tlie seventh month, the sjdienoid consists of tliirieen s<'paratc bony 
nuclei; since, noiw'ithstanding sevi'U pairs have arisen, the two jirimary nuclei of 
the body early eoalcsci <1 into one. 

“ Fr(»m this time forth the nmnlx'r of tlu3 niK'h i diminishes still more con- 
siderably by coalesccmcc. Those nuclei coah^sce t^arlit'st which give rise to the 
] Motions of the sphenoid, wdiieh persist in a separate shde longest. The fourtli, iifth, 
and seventh [lair soon unite into one piece; the iirst and second, coaleschig on eacli 
side, constitute tw^o other yiicces; tlie tliird and sixtli two others; wdien.ihy, in the 
eighth month, the sphenoid consists (»f five phres — the two greater wdngs, the lesser 
w ings, and the body. Somewhat later the two lesser wdngs ooalesci? into one, and 
th(! sphenoid now consists of four pieces; thereupon the IxKlyaud the anterior pieces 
unite, so that in tlie fully-formed fret, us the splienoid eonsisls of three jiii'ces, the 
greater w ings and inteiTial pterygoid ]»i\M‘esses being still distinct ; but in tlie lir.^t 
iiiontli after birth these three,, jiieces unite into one. ’ 

Tile Iifth pair of ossifieations liert' mentioned are tlie liiKjnhv.; the sixth, those 
wltieh give ri,-,e io the presphimoid. Meckel’s s.:v<‘nth pair of ossifnntions, wliieli 
arise bet vi^en tlie fourth < ba.si-splienoidal : and the sixtli (presjihenoidal;, and are 
said, ill the “Arcfiiv, ’ to coalesce first wdth one another, and then w itli the basi- 
sphenoid, appeaiv not to havm hi’cii observed hj other anatomists. 1 have not seen 
them, an<l they are not ineiition(;d by Virchow, tlio latest wiitot' on the subject. 
Ahn-liow writes (“ Kntwickelung des Bchiuh;d-gnnide.s,” ISoVy “T^hc posterior 
sphenoid aiises (if wo leave out ojf consideration the iiiteriial pterygoid processes 
wliieh are dov(do]K‘d as separate and iiuiependmit bones), according to most authors, 
from three nuclei, hut, aerxirdicg to my ofcs< 3 rvations, from six. Two of these belong 
to the alcTj niagnai (alug tempondes), or lateral arches (Bogenstiickeny of the parietal 
vi^rtebra. They arise in tlie third month, and the external pterygoids hre produced 
by direct outgroAvths from tliem. In the third month,! also find two other centres 

■ L 
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sphenoids arise (^acli by one centre in the corrcsjxniding cartilages. 
The frontals, oji the otlier hand, are developed, like the parietate, 
each Iroin one (*entr(i in the membranous root of the skull. 

Thus we arrive at the singular result that, while all the bom s 
of the basi-cranial axis, and all the lateral bones of the three 


of Mssifioiaioji Ih Iuii.u;' to ihr apioi'.s of iho linfiuhi;, and arc so])nrat('d by dis- 

tinct layers of cartilagr' from llu' otla-r.^. d’hr ossilication of tlio limjnla is jdniost 
('onipbde in the fonrlb inontb, and its siz(‘ is out oj‘ all relation to the diini'nsions 
of tlic other jtarts. It is a tliick, ol»tJis( ly-cy liiidrical jnoccss, which coalesces 
primarily with the body, and has n(4liin;L? to do with Iho ah-o. The I'nujula is tlicrc- 
fore siniilur to an anterior or inferior transva'iso jtrocc-ss (Parapo])hysis, Owen) ; and 
the vat'oticd-i. notwitlislandin;;- its position in the, innei- side of the Umjidity 

rcseiuhh's an opim /orio/zc// virtvhnih’. Howt'ver, Arnold's o])inion Had tiai Vidian 
eauid answers to the canal for the vertebnd artery, nolwillishindiu^ it is }»laccd on 
tlie inner side of the ]in,e:nla, deserves tlio earefiil athaition of comparative anato- 
niifcjl-s. The ossilhadion of tla- body begins in the tliird month, exaetly under the 
])itnitai y fossa, wliicli is already preformed in eartilage. Kerckriiig was the first to 
|M:)iid out that here the adjacent osseous centres at lir^t arise, and that they nnite 
and form a hisenit-sliaped mass in tljc fifth month. Cnee he saw this ‘ semiiinmla ‘ 
( Vim in the middle ol the (liird montli. Kollike r and i niys(‘]f have m(‘i with it iit 
fudnses of tliree moutlis. Other ohscavers, as Nesbitt and Mayer, sjK'ak of a single 
centre in tlu; third m<Hith, and in the fourth of two emdres, wliieli must ]>e re- 
garded as tlui result of I lie erroneons condiinalion of dillcaeait individnal cases. I 
lind constantly, in the licg'inning <*!' the third month, two niicka, whieli arise', near 
the upiier surtace in tin.* anterior wall of tlie piiuiiary fossa, and are separated by a 
broad layer of ejiiUlage. Very soon, Iiowevm', only a single osseous mass is pi’i'sc.-nt 
in the interior of the, body, wdiiedi extends through tin.* wholes thickiioss eif the 
eitriilage^ while* anteriorly and p«>ste*riorly it is still enveloped in cartilage. In a 
fcelus 19 centimetres [7| inches] long, I saw the simple osseuiLs nucleus in tin* 
bottom of the sella, as a transverse; plate which had not yet united with the lingida." 

“ 'fhe anterior sphenoid is developed by thi; gradual eoaloseenoc; of four osseous 
eeutres, of which again two lielong to tlm body and one to each of the lesser wings. 
The latter are developed eaflioi than tin* I’ernK'r. I’hey comimaice eaily in the 
third month, in the anterior edinohl ' proeess(*.s, which are (piite thick and osst*ous 
at a tiiiK* wlien everything e)s(; in tin; anterior sphenoid is hyaline cartilage, and 
tlierelore aie Jpute similar to tiie lifKjuhjc. .From this point ossification progr(*sses 
rapidly, at host ereei)i ng round tlie circumference of the optic foramen to the body of 
tin * ala and to its ant(*rior root. About the iiftli month tin* lesser wing is completely 
.solid in all parts. On the othm* hand, the nuclei in the body mostly ap'p(;ar some- 
wliat later, usually in tiic foui lh moutli, and at tljc inner edge of the o]>tic foramen, 
so that tliey arc at first separated by a tolerably broad median lamella of cartilage, 
w'hich is continued into the (*thmoid eartilage ami sepfmi ndrtum. A union now 
viay soon Ijdvcs phice between tin; centn'S of tin; Ixidy ambthosc in the lesser wings, 

so that the optic torameii is surrounded by bone Later, at times, as it 

appears, as early as the fifth month, the two lateral masses unite into a larger central 
pi(*ce, which is free superiorly, while l)(*Iow and anteriorly, in the middle line, it is 
surrounded by broad niasses of cartilage.” — Virchow, loc, cif., pp. L5-18. 
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cmiiinl arches, are primarily developed in cartilnge, only one of 
the su})erior elements of these arches — the snpra-oceipital {kSO) 
— is so ; ^vhilc the upper or interparietal ” portion of tlie 
sr/iuima oceipitis and the two other pairs of superior 

(dements of the arches are developed altogether from mem- 
Lrane. 

Fitr. ()(>. 



i'Tj!:. GO.-' L()iiL;'itii(.liiuil aiul \ cj-l jcal .soilioii <0 tlit* (■/■iijiii of a soiiU'wliat ahJcr 

tliaii tfit* torogoiiig (Fiir. 59;. 'J'ho hasi-siihonoidal aiui })i'asi>lionoidal ceiities liave 
coalet'cial ; but ilioy and tin* Jtasi-occipital aro sov'naDv .soparated })y \v do iriter>ti(’ 0 H 
of CiutilaQP, of whicli tlio whole ('thn»oi«lal re^ioipjs still constituted. 


Idle ethmoid is developed from a single centre, arising in 
the internasal cartilag(L Its so-called lateral masses, with the 
two nipper spongy boiies^ are likewise ‘ developed each from a 
single centre within the superior of the inflected lateral 
eai’tilages which wall in the olfmdory sacs. The inferior tiir* 
binals are ossifications of the lower parts of these cartilages. 
Hut the nasal bones are developt'd within the periehondriiim, 
whicli is continuous witli the memhran(‘ in wdiieh tlu> fixmtal 
bones are develop(Hi, and the vomer is. produced within the 
[)(mchondrium on the niider-snrfaee of the Jnternasal septum. 
The hones of Bertin are also said to be developed from mem- 
brane — the perichondrium of the presphenoidal cartilage, or the 
walls of the olfactory sacs. 

The development of the temporal hone is particularly .wortliy 
of attentive consideration. The squamosal and the tympanic 
elements are developed in membrane, and, at first, lie perfectly 1 
loose in this membrane, upon the outer side of the periotic 
cartilage. The tympanic is a delicate ring, open above; the 
squamosal is a mere rod, the rjjqoma, with an expanded posterior 

I. 2 
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end, the squama teyniporis, Tho periotic mass, tlio styloid ele- 
ment, and tlie auditory ossicles are all preformed in cartilage. 

Tlie manner in which the cai tilaginous capsule, which has 
the form of the subsequent periotic bones and lodges the mem- 
branous labyrinth, becomes ossified, has been much misunder- 
stood ; and as it is a ]>oint of vital importance in comparing 
the skull of man with that of the lower Vertehrata, I shall enter 
into some detail regarding it, as a matter of fact and as a matter 
of anatom i(*nl history. 

Nearly two hundred years ago, Korckringius, in his excellent 
Osteogenia Feetuum” (1070), laid the foundation for a proper 
understanding of tin's process : — 

“ Quarto meiise mirum visu, quam citb et quanta perfectione 
os squamosum magnam partem tactum sit osseum. Os petrosum 
jam rul)ieunda cartilagine signavit cavitatis sum formam organo- 
nim audiths capacem, nihil tamen adhuc prm se fort osseum, 
pimterquam unam in longitudinem protensum crassiusculam et 
inmqualem lineam, annulo sen circulo, antea ngminato, sub- 
jectam, et paulo longius protensam. Os itaque temportim hoc 
meiise tril)us constat ossiculis; annulo scilicet, osse squamoso, 
et ilk) jam commemorato. ' : 

Quinto mense os squamosum ita adauctum est ut>o^ synci-v 
pitis fere, os an tern cimeifoime omnin^attigerit . Ossis ^^etrosi 
pars ilia qum piocessum mammillarem constitnit, terngr de novo 
acquisivit ossicula : unum 2 )yriforma, acutiore, sui parte squa- 
moso annectitiir; alterum, scutum ovale referens, inagnit'udine 
priori vix cedens, media cartilagine ab eo separatur ; uti et 
tertium ab utroque, qnainvis hoc magnitudine neutri sit a^quipa- 
randum, vix aeiculm majoris caput admquans ; sunt autem eo 
situ et ordine collocata, quern tabula fietus v. mensium, usurpata 
oculis facilius ad mentein quam verba transmittet.” .... 

Constat ergo os temporum hoc quinto mense sex distinctis 
ossiculis ; osse videlicet squamoso, annulo, osse internam cavi- 
tatem eflb:fmante et tribus notabilibus qum hoc mense exorta 
esse diximus.’' — c., pp. 222, 223. 

Tlic explanation of tlin third figure in tho thirty-fifth referred tn in this pas- 

sage, runs thus “ Tria in osso potrosr) ossicada ostendit, o, o, e. Tria potrosi 
ossis distincta ossicula,” 
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“ Sexto mense pyriforme et ovale scutiforme eoaluenint in 
iinnin , tertium nonniliil auctnm est magnitudine.” — L. c., p. 
224. 

The third figure of tlie fhirly-sixtii plate exliibits the condition thus descrilied, an«l 
•' the explanation is : — “Binain osso potroso ossieula ostendit. D, ossis pelrosi 
pars qiux3 jam ex diiobus coahut ; e, tertium ossis petrosi ossiculum.” 

“ Sepiimo niense jani tertium illud ossiculum diiobus mense 

superiore inter sc coalitis aecessit 

Nihil ergo de mense octavo nonoque addendum, nisi quid 
ne turn quidom foetus ullum habeat proeessum mamillarem, et 
quod adliuc insigni eartilagine distet os petrosum ab occipitis 
et syncipitis ossibus.” — JO. e., p. 224. 

Th(i tcrnpornl bone of a seven months’. foetus is repre.sented in Plate xxxvii., Fi^. 2, 
with the exjdauation : — “ Qinn primo tria, dcindc bina, fticnmt in petros6 ossi- 
cula, jam in nnum ooiduisso, ostendit. C, ossis petrosi siilistantiai, ox tribus 
jam saipe dictis in unuin coalita.” 

Cassebohna Traetatus quatuor de Auro Humana,” 1734, 
pp. 19 gthd 45 ; Tractatus Quintus,” 1735, p. 15) discovered that 
the little linear ossification mentioned in the first extract from 
Kerekringius is developed in the immediate vicinity of the 
;feneBtra rotunda, eventually surrounds it, aud extends upon the 
base of ])ars petrosa. But tlie first Alejinito light thrown 
upon the siguificHtion of Kerekringius’ Tria ossa” is in the 
folio wipg^extract from Meekers ^‘Handbueh der Vergleiehenden 
Anatbmie” (1820. Bd. iv., p. 49), tliougli Me(4cel does not take 
the trouble to refer to explain tlio older observer’s state- 
ments : — 

4. Bony lahyrinth. — In investigating the formation of the 
bony labyiintli, the origin of the bony substauce of the petrous 
bone is very carefully to be distinguished from tliat of the 
lahyihith itself. The former begins earlier than the latter, 
according to the ordinary type of ossification, by the develop- 
ment of a loose, soft, reticulated tissue in the previously existing 
homogeneous cartilage, and extends from befor>e backwards. 

“ The first part to ossify, abolitthe end of the third month, is 
the circumference of fenestra rotunda^ which is remarkable by 
reason of the analogy of the fenestra rotunda to the tympanic 
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annulus. The ossification bej^ins above, descends posteriorly, 
and, after a ring has been formed in tliis manner, extends 
forwards. 

At the same time arises a jiroper centre of ossification, 
completely separated from tin's, at the external end of the 
superior vmtical canal. 

After this, a tliird litth^ scale is produced, opposite about 
tlie middle of the internal vertical semicircular canal. 

At the same time ossification extends swiftly ba(*k wards 
and downwards from the first piece, so as tf) give rise to the 
floor of the labyrinth. 

“The second piece increases in size still more rapidly, so 
that, soon, the wdiolo vertical somieireular (‘anal, wdth tlie ex- 
ception of its longer concave siirlace, is ossified. Simultane- 
ously ossification is (mntiniied from its inner end over the inner 
surface of tlie petrous l)one, suri’onnds the niternal auditory 
meatus, penetrates into it, and so forms the floor of the (Njchlea. 

“Tdie horizontal semicinmlar canal begins to ossify, on its 
outer side, in the tlftli month, by elongation of the bone form- 
ing tlie upper verti(‘al semicircular canal: tliis is eontinued 
backwards, from without and below, round tlie liorizoiital semi- 
circular canal. At least, 1 could discover no proper osseous 
centre for tliis canal, and it seems merely to become inclosed by 
the increase of the first and second.” 

All this is accurate, but, unfortunately, Meckel goes on to 
say, at page 51 of the wiirk cited, that “the osseous labyrinth is 
at first perfectly separate from the bo^jy mass of the petrous bone 
which surrounds it, is devedoped (‘arlier than it, and is provided 
w ith cpiite a smooth surface*, though the tw'^o lie close together 
and that “ the bony labyrintli arises independently of tlie osseous 
substance of the petrous bone.” 

How Slcckel arrived at this conclusion 1 do not know; but 
it is certainly erroneous, and it has been tlio means of creating 
a great deal of unsound spoeiilation as to the ossified labyrinth 
being a something distinct from the jmrs petrosa. 

It is further singular that, in tin's piissiige, Meckel not only, 
as I hav(i said above, makes no reference to Kei’ckriiigius, but 
tliat he does not attempt to refer the regions of the pars petrosa 
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and mastoidea to their separate origins. Idiis is the more rc- 
inarkahle as, in his welhknowii paper on the ‘‘ Ossification of tlie 
Vertebral and Cranial Bones” (Tvleckers “ Arehiv,” 1815), p. 630, 
he states expressly that the mastoid process arises from a special 
centre. Possibly tlie omission arose from Meckel’s supposing* 
that the (exterior of the periotic mass is developed distinctly from 
the pro[)er bony lahyrinth. 

Hallniann, in Ids well-known work, “ Ditj Vergleichende 
()ste(jlogie des Schlalenbeins ” (1837), does not cite the account 
given by Meckel, and does not really im])rove njion the views of 
K(a’(dvringius. 

“In man, after, in the first place, the squamosal and then 
t he aiinuliis tj/iiipcuiicm ava foriiKMl, the os i)etrosiini and mastoi- 
demib is still a common cartilage, which fills, externally, the gap 
b(‘tween the squamosal, the parietal, tlu^ su[)ra-occipital and the 
ex-occipital. Wlnm, in the fourth month, the cochh^a and a 
part of the stmdcircadar canals, viz., the up[)er canal and the 
anterior crus of the external canal, already consist of porous 
l)ony substaii(*e, wldle the ossification of the [)Osterior canal 
(and probably of the posterior crus of the external canal) has 
not proceeded so far; the mmtoidea appears as a single or 
double nodule of th(i size of a, milhd*seed, which is deposited 
upon the arch of tlip posterior canal, contributes to its ossifica- 
tion, and now soon spreads over the whole cartilage, the four 
neighbouring bones growing towards it. In Nos. 2513 and 9420 
of tl\i) Berlin Museum, the insertion of this nodule upon the 
petrous bone is quite distinct. This osseous centre appears in 
the dry skeleton as an oval nodule, which 1 could easily scratch 
olf without injuring the canals, which proves that it arises as a 
se[)arate ]^i'H‘t.” 

ijastly, Khlliker, in his recently published “ Entwickelungs 
deschichte” (1861), sums up tln^ present state of our know- 
ledge respecting the ossification of the periotic cartilage as 
follows (p. 320) : — 

‘‘Tlie ossification of the lal)yri]ith does not appear to have 
be(ui investigated since the time of Cassebohm (‘ Tract, do Aure 
Hum.,’ Hal! et Magdeb., 1734 and 1735) and J. Fr. Meckel 
(‘Hiindb. (rAnat/ iv. p. 42, ef seq,), which S(‘oms to bo the 
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reason why certain incorrect statements are repeated year after 
year in almost all handbooks. It is not tlie case that the 
external part of the pyramid of the petrosal bone and the 
labyrintli ossify separately, nor is it true that ossifi(*ation begins 
as a tliin crust on the wall of the labyrinth; on the contrary, 
ossification commences in the whole thickness of the wall of the 
labyrintli; in such a manner, however, tliat it appears exter- 
nally sooner than internally, and the wliole pyramid becomes 
ossified from centres wliich make their appearance first upon the 
cartilaginous semicii'cular canals and the co(.*hlea. The number 
of these is, as lias been rightly stated, three — one on the lirst 
turn of tlie co(*ljlea, and one on each of the upper and posterior 
semicircular canals, whence, by di'grees, the whole ^^ars jyetrosa^ 
togetlier with the cartilaginous niastoidea, whicli is united 
with it, ossifies in a manner, the details of whicli would not 
especially interest you. On the other hand, I do not agree 
in the statements that have been made as to the time at which 
this ossification arises. Neither in the third, nor iii the fourth 
month, as is commonly stated, is there a trace of ossification; 
in fact, I liave found the entire pyramid cartilaginous in an 
embryo five inches long at the eighteenth week, or, in the 
middle of the fifth month. Only at the end of tlie fiftli, and 
especially in the sixth month, do the oss(K)ns deposits commence, 
but these increase very rapidly. In tlie sixth montli, however, 
one meets witli nothing fuit a beautiful reticulated cartilage 
ossification, and, as yet, no indication of true bone, which only 
arises, in the later months, from the jieriosteum of the labyrinth 
and from the external periosteum, whilst, coiitempoianeously, 
the iuterjaal cartilage ossification is reabsorbed and is replaced 
by a vascular true bone, which, by degrees, becomes finely 
spongy. 'lYxo Mocliohis and Lamina spiralis^ in tho sixtli montli, 
are still cpiite memliranous, and only ossify at the end of fmtal 
life, without ever having been cartilaginous.” 

lliere is no doubt tliat the statement of Meckel, confirmed 
by Kolliker, that the periotic cartilage ossifies from three 
centres, is perfectly correct; there is no doubt, further, as 
IMeckel, followed less clearly by Jlallmann, has afiirmed, that 
one of these centres gives i*ise to tJio future mastoid process ; 
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but it is equally indubitable tliat Kerckriiigius’ original state- 
lueiit is true, and may bo readily verified in the diy skulls 
of fetuses of the age he mentions. The beautiful series of 
human fetuses presented by Mr. MacMurdo, in the Museum 
of the Royal College of ISurgeons, enable one easily to reconcile 
the teachings of the older and the later observers, when taken 
in conjunction with the study of the same ])arts in wet prepa- 
rations. 

Fig. ()1, A, represents the periotic capsule of a human foetus 
live and a quarter inches long. 

One ossification in the cartilage {Op.O.) is seen surrounding 

fenestra rotunda (F, R.), and extending a little way upon 
the ])romontory. A second, very small, quadrate ossification 
{Pr.O,) is situated at the outer end of the superior vortical 
semicircular camil, and apparently extends into the carti- 
laginous tef/men timpani, d’herc is no other ossification in 
the cartilage than these two. As the upper paid of the periotic 
mass in man answers to the front part, and as the lower part 
corresponds to the hind part of the same mass in the majority 
of tlie Veriehrata, I terra the ossification on the superior verti(.*al 
semicircular canal the pro-otic l)on(‘, that on the cochlea the 
opisthotic bone. 

In some dry fetal skulls of this age the opisthotic ossifi- 
cation only is seen, just as it is described by Kerckringius, 
who seems not to have observed the pro-otic ossification at 
this period. 

The pro-otic ossification rapidly extends, as J^leckel states, over 
the superior vertical semicircular canal (see Fig. 59, A, p. 144), 
and reaching its posterior end, it includes the front and upper 
])art of the posterior vertical canal ; while, from the outer end 
of tlie anterior vertical canal, or tlie primitive centre, a mass 
of bone extends backwards in the periotic cartilage and, in the 
dry slaill, appears conspicuously immediately behind the edge of 
the squamosal. (Pr.O., Fig. (31, B.) This part of it is, in 
fact, that one of the tria ossicula” of which Kerckringius says, 
'' pyrifornui, acutiore sui parte, squamoso annectitur.” 

The opisthotic ossification likewise extends backwards and, 
its hinder extr^ity becoming apparent in the dry skull behind 
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the tympanic, is Kerchringius’ ossicle, “ vix acicuhe majoris 
capnt adsoquans/' (Fig. 51, B, Op.O.) 


I'ig. <iJ. 



FM. 


PkO. D 



Fii;-. Gl,— I >t* vO"pm<>j,t of tlic toioj)orul hono. 

A, fn>in a fcptns .5]- iiiolies showing tlio ooimiK.'noing pio-otic; and opisthotio ossifica- 
tion, 

R, fVoni a ■fo?t,us Sj inoiics long. The ossification in the tegincii tympani is no longer visible 
from without, blit its continuation ]»'aukwaiTls over tlie suptM-ior, and }»art. of the 
postei ior, voitiral semicircular canal is visible behin<l the squatuosal. d'lie c})iotic ossifi- 
cation lias made its ajiiiearancc, and the hindio- extieinity of the opisthotic ossification 
appears boliind the tympanic as the “ third ossicle of Kerckringiiis. 
from a fu'tus lu| inches long, the “ tria ossicula ” beginning to unite into the 
nai^iovlco , 

(), from a hetns H'A inches long, tlie tiiaossicula ancliyiosed. 

/'’ A'., fonmien /'(/tandum. 

AAv, su),Hrior semicircular canal. 
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l^aslly, tlio third ossicle, scutum ovalo roferens,” is that 
developed upon the posterior part of the posterior vertical 
semicircular canal, which gives rise to the mastoid process. 
(Fig. 61, B, EiW,) 

Thus, in a fintiis between the fifth and sixth months, the 
'‘pars mastoidm'' exhibits the appearance represented^ in 
Fig. 61, B. Its upper part is cartilaginous, but its- lower part 
is occupied by the three “ ossimla ” of Kerekringius, which 
have now come into contact, ami begun to unite, thongh their 
primitive contours are perfectly distinct. 

The " iKirs masfoidea^" of human anatomy is therefore not 
a single bone, but one, the scutum ovalej' combined with 
parts of two others; and as the sctiiim ovale'' is certaiidy 
the homologne of the bone I have termed EjnoHc in the ovi- 
parous Verfehrafa* J j)ropose to got rid of the confusing term 
‘‘iiiastoid” altogether, and to call the specially ‘‘mastoid” part 
of the pars* niastoidea, Epiotic. 

Of tlie three periotic bones thus developed, the pro-otic 
gives rise to most of the pars petrosa, which is visible in the 
interior of the skull (Fig. 59, A), investing, as it does, fhe 
roof of the cochlea, the superior, and part of the posterior, 
vertical semieir(*ular canals, tlio internal auditory meatus, ami 
lb]*mi]ig the tegmen tijnipani. To it, in addition, is due the 
upper liidf of the ciixmmferenco of tl]o/c^?cs/ra ovalis, and a eon- 
siderablc portion of tlie pars mastoidea, as has been stated al)ove. 

The opistbotic bone constitutes all the pars 'p^drosa visible 
on the base of the skull, lurnishes the iloor of the cochlea., 
siuTounds iho fenestra rotunda, and eontril)utes half the contour 
of the ; gives rise to the ea)‘otid emial by develop- 
ing a lamella of bone, which gradually wrai)s itself ^rouml th# 
caroud, ami so converts the primitive gioovo for" the vessel-j^ 
into a eompleto tube, at the same time furnishing tn^; inner 
part of its iloor to the tympanum. ^ ^ ^ 

Th(? lower edge of the squamosal is at lirst nearly straight, 

Crooniau liectTU-e. Vrocecdlmja of the lloyal Sociefij, 185S. In the absence of 
a suhident knv)\vl('(l,i;-e of the hevc^opmeut ut tlie liuinan temporal bone, I followed 
Ilallmanu in hlontifying the ojasthotic of oviparous vertebrates with the mastoid 
of Mammals at the time tliis lecture was delivered. 
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but it soon sends a curved process downwards behind the 
auditory meatus and between the tympanic ring and the 
periotic bones. In the fmtal skull represented in Fig. 61, D, 
it is obvious that this process cori’esponds with the Margo tym- 
panicus or post-auditory process of the adult teiuporal bone ; and 
the manner in which the hinder end of the pro-otic ossilicatio]i 
is fitted in between it and the representative of the ascending 
part of the posterior root of the zygoma is very well shown. 

The tyinjianic bone is at first a delicate ring, interrupted 
above, and witli tapering ends, which approach one another 
very closely. The anterior end is thicker than the posterior, 
however, exliibiting a sort of flange, or internal j)rocess, which 
corresponds in position with the middle root of the zygoma, and 
eventually unites with it. The lower arclied part of the tym- 
panic ring becomes anclijdosed with the floor of the tympanum, 
while its posterior and upper end unites with the squamosal. 

In the process of ossification thus coirnnenccd and advancing 
in the hetal ci’aiiium, certain centres, at first distinct, unite, and 
become hard to distinguish Iroin one another even before lurth. 

At this jxu’iod a (^jusiderable interval of cartilage separates 
the basi-occi{)ital from tlie basi-sphenoid ; but the latter has, 
as at a?. Fig. 62, A, become lirmly unitral with the presphenoid, 
though traces of the original separation, and remains of the 
primitive cartilag(', are readily discernible. 

The ex-occip]tals are still distinct from tlie supra- and basi- 
occipital, and the alisj)henoids are only suturally united with 
the lingulie sphenoidales, which are still large in comparison 
with the basi-sphenoid, though lliey very early unite - with 
it. The orbito-splienoid and the presphenoid ai’c completely 
ancliylosed together by the su})erior root of the former, but the 
inferior root of the orbito-sphenoid, or middle clinoid process, 
abuts against the basi-sf)lienoid. (Fig. 63.) 

In the temporal bone — the pro-otic, opisthotic, and epiotic 
are indistinguisliably united into the pars petrosa and pars 
mastoidea. Tlie latter and the squamosal are firmly united, 
but the petro-squamosal suture between the tegmen tympani 
of the former and the squamosal bone is obvious. The tym- 
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panic bone, still little more than a mere ring, is firmly anchy- 
losod with the squamosal and with the opisthotic portion of the 
j)aTS petrosa, but the ijidication of the primitive distinctness ol 
the two latter can be readily traced. (Fig. C2, (J.) 


Fig. 62. 



Fig, 62. — 'I'he human cranium at birth. — A, vertical and longitiulinal section of the basal 
half of the cranium ; B, uj>j)cr, and C, nndcr, view of the same [)] eparation. 

It is only after birth, and with tlie gradual advance towards 
adult years, that the spheuo-occipital and the spheuo-etlimoid 
synchondroses are obliterated, and the vomer becoming aiichy- 
losed with the ethmoid, tlie whole cranio-facial axis is fused 
into one bone, to wliich the ex-oc(*ipitals and supra-oecipital, 
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the alisplieuoids and orbito-splienoids, add themselves by a 
similar obliteration of the primitive separations. By addition 
of bony matter to its free margin, nn^re especially to that 
of its lower part, tlie tympanic bone becomes converted into 
the gutter-like external auditory meatus. Tla' (3])iotic grows 
out, interiorly, into the mastoid process. The cavity beneath 
the bojiy arch in which the superior yerti(‘al semicircular canal 
is lodged, at first filled only by a }>lug of dura mater, becomes 
obliterated by bone. 

CiLT. C 



— TJitj and with the oi ijit<>-sj»h(nK<ids oFn human >ikullaf 

birth. — vicwx'd iWnn ;d)ov<‘; li, Iron) tile riuht sirie ; C, from helmv. T.S\, tabcr- 
f.Hluni selhr : L.S., Lf/iji/Ja s^>fn'i/okliif:s ; n, ha^i-pi-espiicnoidal synehondro.sis. 

The basi-s[)liciioid acquires larger dhiiensions in proportion 
to the lingulw H^lcmoidales^ and the jMtsterior clinoid proeesst's. 
at first (*artiIaginoiis, become completely ossilietl. Tlie bones .of 
Bertin unite witli the under-siirfatK) of the pj^esplienoid, and th(‘ 
latter becomes almost obliterated, or convert( 3 d into a mere 
vertical lamina of bone, by the extension of the olfactory 
clianibers baclcwards to give rise to the spJienoidal sinuses. 

The hit(U'aI masses of the ethmoid Itecome aiichylosed witli 
the lamina perpendiculariii, and form one bone — the ethmoid of 
human anatomy. 
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Of the lh(*inl bones, the preniaxilla is developed within that 
]>art of the naso-frontal ja-oeess which forms the anterior 
boundary of the inoutlL The maxilla, the palatine, and p|(^ry- 
goid bones are produced Avithiii the maxillary pjoccss— the 
former from its external, the hitter from its intornar'part. The 
internal pterygoid is, even before birth, united with the external 
j^terygoid, the latter beijig simply an outgrowth downwards of the 
alisphenoid. NoJie of these bones are at prescmt known to be 
ileveloptMl from cartilage, and the lachrymal and jugal are, 
similai’ly, membrane bones: 

'llio cartilaginous rods withiii the iirst and second visceial 
arches undergo very remarkable changes. That of the lirst 
arch b(a‘omes modilied into an upper portion, the future inciu^. 
and a lower portion, articulated witli this, the future inullens, 
from which the rest of the cartilage is continued, as ‘‘ JMcickid’s 
<*artilage,” along the inner side of the visceral arch (1^'ig. b-1). 

The incudal and inalleal portions of the cartilage are, at 
lirst, proportionally vcny large, but their growdh soon becomes 
ari’ested, ajid, a cimtre of ossilication ajipearing in each, they 
become the incus and malleus. As the root of the lirst visceral 
arch is (dose to tlie outei* ainl front part of thc.^ [)eriotic ca})su]e, 
so the incus and malleus have a corresponding position, and 
the tympanic bone, which is developed around the circumfer- 
(‘iice of the modilied lirst viscei*al cleft (which becomes con- 
verted into the auditoiy meatus, the tympanum, aiid the 
Jhistachian tube), necessarily lies outside them, so that Meckel’s 
cartilage jiasses between the tympanic bone and the periotic 
capsule, in its (*ours(^ from the malJeiis forwards and dowm- 
wards. Tn front, the tympanic c.ir(d(‘t marks the limit of its 
ossilication. Ho far, it constitutc^s the j_uvccssus (/racilis {Pff., 
Fig. 04), while, beyond this point, it eventuadly becomes ob- 
literated. Yeiy early, liowever, ossilication takes place in the 
imanbrane of the fii’st visceral arch, adjacent to the middle 
of the cartilages and extending upw^airfs towards the scjuamosal 
bon(> and, downwards and inwards, towards .tlio s}mphysis, 
lays the foundation for each ramus of the lowur jaw. Tlie 
lower jaw, therefore, arises from membrane, and is not pi*e- 
formed in cartilages 
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The axis of the second visceral arch becomes converted 
above into the staiyen, below into the styloid cartilage, the 
stylohyoid ligament J and the lesser cornua of the hyoid bone, 
the body and greater cornua of whi(‘h are developed from 
the third visceral ai’ch. Between the styloid cartilage and 


Fig. 04. 



Fig. 04. — Pait of the skull ol a liiniian Icetus at :ihout the sixth luonth, disseeteO to show 
the nuditory ossi(;le.s niid MoekelV eartilnge, Mch. Oi, the glenoid cavity. 'J'he 
ninrifo ti/z/ipunlcxs and ad jacent jiaiis of the s<jnaniosal are rei»resentc(l as if tlioy weiv 
trrinspai(‘nt, in order to show tlie position of t))e inallens (/>/) ami incus (/y. 'i’h(' 

ty 2 i)j»ani(: bone ( 7’// j is merely iij<ticated. fb., tlie cochlea. 


the stapes it is inodiiied so as to form tlie stapodins muscle. 
A centre of ossification apjieai's in the styloid cartilage, and, 
extending upwards and downwards, gives rise to tlu^ jiyramid 
and the styloid process. 

Some authors, however, give a somewhat different at ‘-count 
of the nietamorpliosos of the cartilaginous axes of tln^ first and 
second visceral arclies to that which I havc^ detailed, and whicli 
is based cbicfly upon the researches: of IVlet^kel, Kathke, and 
Reichert. Thus Gunther,* while be agrees with Reichert 
that the cartilaginous axis of the first viscel’al arch divides 
into three jiortions, the uppermost of which (that which is 
primitively connected with tlie skull) early disifppears, while 
the middle and lower become converted respectively into the 
incm and the malleus with Meckel's cartilage, differs from 

* Ba)bac]it»jngen iiber dio Eiitwickeliing (1o,s (relirnwgans bei MeiiscJien uml 
libbercn Saugethi(‘re]i. 1842. 
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him regarding tlie origin of tlio stapes. According to this 
writer : — The middle division of the cartilaginous axis applies 
itself to the vesicmlar cartilaginous labyrinth, and when it comes 
into contact with the labyrinth, it sends out a small nodule, 
which is received by a pit, the future fenestra ovalisr The 
nodule grows out into a process, the lower part of which be- 
coming bent on the iijvper, and eventually articulated, is con- 
verted into the staj)es, wliile from tlie upper part originates the 
long p]-ocoss of the incus. 

Tlie auditory ossicles arc at first altogetlier outside tlie 
tympanic cavity ; and as tlie latter enlarges, its mucous mem- 
brane is reflecti^d around the ossicles. The deposit of osseous 
matter for each ossicle commences in the perichondrium, and 
the stapes has three essific centres, indepi.mdcntly of that for the 
os orhicmlare. 

It can hardly be doubted that there is much yet to be 
learned respecting the first steps in the development of the 
ossicula auditus ; but the investigation is one fraught with 
difficulties.* 

* Magi tot ot Robin, “ Cartilage do Mcckol.*’ Ann. des Sc. Nat, So. IV*^. 
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ON TRE STIUJCTLIEE OF THE SKULL. 


THE SKULL OF THE PIKE CO.AIPARED STRUOTUKALLY AND 
DEVELOPJMI^NTAIA.Y WITH THAT OF IMAN. 

In the series of auiuuils possessing a bony sk(:‘letoiL osseous 
lislios and nutn may be n^garded as the extreme terms ; and 
I now select the slcull of an oss(^oii.s fish — tljo Pike — for com- 
parison witli that of Man. Whatever community of structure 
ol)tains between these must be expected to ])ersist tliroughout 
tlie intermediate terms ; while tlie differences between them 
will be ipore or less completely bridged over by the subse(|iieiit 
study of tlie skulls of the lower Mammals, Hirds, Iveptiles, and 
Amphibians. 

At first sight, the skull of a pike (Fig. (Jo) presents the most 


Fig. 05. 



Fig, 05. — Side view of the skull of a Pike (after Agassiz). — -75/, prefrontal ; hyo- 

mandibular bone; Op„ operculum; S.Op., sub-operculuin ; f,Op^ inter-operculum; 
]h\Op, pre-operculum ; Bn/.j brauchio.stegal rays; N//, symplectic^ J/^, meta-ptery- 
goid; 7Y, palnto-pterygoid arch ; qnadratmn ; A/-, articular ; An, angular ; 75 
doiitary ; N. 0/'., supra-orbital bone. 
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striking dissimilarity to tluit of a man. The skull proper is 
flattened, naiTow, and elongated, its vertical heiglit and ti*aiis verse 
diameter being insignificant when compared with its antero- 
posterior length, the predominance of which is due chielly to 
the disproportionate enlargement of tlie anterior lialf of the 
cranio-lacial axis, i, c., tlie presplienoidal and ethmo-vomerino 
regions. The brain-case is relatively very small and much 
depressed, instead of presenting the ca])acious dome of the 
human skull, while, on the other hand, th(‘ facial cipparatus is 
very large and eomjdex, and its components are almost all 
moveable upon the skull. Another circumstance, which at 
once strikes the observer, is tlu^ IVict that tlui lower jaw is not, 
as in Man, articulated directly with th(3 skull ; but is coji- 
nected with the latter l)y the intermediation of a eomplex, 
mobile, suspensorial api)aralus (bhg. Go, JjT.ilf. to which 

articulates with tluj skull al>ove and with the lowcu- jaw^ below. 
A part of the same apparatus gives attachment to the hyoideau 
arch, and to the bones of the gill (T)vers. 

A certain fundamental resemblance may, however, bo readily 
tracc^l beneath these external differcaices. Thus, if a transveu’se^ 
and vertical ^'ction be takeJi through the pike’s skull, so as to 
traverse the organ of hearing, and to divide the suspensorium 
longitudinally into two parts, the posterior and anterior moieties 
of the skull will [)resent the apjx'arances represeiHcd in Figs. 
GG and G7. The posterior s<‘gment (Fig. GG) is obviously 
compand)le wdtli the corresponding segincjit of the luiinaii skull 
(Fig. 4G), consisting, as it do(\s, of a lloor, with an uj)per arch, 
wdiich, in the recent state, inclose<l part of the braiii, and with 
a lowei- arch formed by the various parts of the Inoidean 
apparatus. 

Fill ther more, certain of the bones (A).rO, 0i).0, Ac.) which 
enter into the composition of the upper arch are esj;eciaJIy 
related, as in the corresponding section of tlie human skull, to 
the organ of hearing, and it is with some of these that the 
inferior arch is connected. 

Tlie anterior segment (Fig. G7) presents a similar general 
correspondence with the corresponding segment (Fig. 4S) of the 
Man’s skull. That is to say, there is a floor with which is eon- 

M 2 
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nccted an upper arcli^ forming part of tlio brain-case, and 
a lower arch wliicli (‘liters into the composition of the face. 
Tlie sides of tin's arcli in the sectional view are partly constituted 
(compare f^ig. 18) by bones s})ecially connected with the audi- 
tory apparatus, and the peduncle of the lower arcli is articulated 
with those bones. The chamber contained within the lower 
arch, however, differs from that seen in the section of the 
human skull in that it is entirely devoted to the buccal cavity, 
and is not suLxlivided by processes of the palatine and maxillary 
bones into an upper, nasal, and a lowx^r, oral, passage. 


Fitr. 06 . 



Fig;, 66. — Tlio postorinr seginont ot* t!ie skull oi a I'ikc wliieh Iims been vorlic.illy and 
f rnnsveisnl y bisoctf.Ml, The bonos of the infei'ior arch an^ represented diagramniati- 
e;dly. Th(' (‘})iotic, opistljolie, pro-otic, and squamosal bones are left unsha'led, as in 
the ('OiTCsponding section of tlio limnan sknll. p.s.c., r.s.c., arrows indicating the 
positions of the posterior and external semicircular canals; a’, parasphenoid. 


The coinptirison of the transverse sections of the Pike’s with 
those of the Man's skull thus enables us to perceive certain 
resemblances between the tw'o. lii each there is an axis, upper 
and lowxw arches ; in each the section separates the hones whicli 
lodge the auditory organs ; and the most apparent difference 
lietween the two is the vastly greattu’ proportionate size of the 
])eri()tic bones in the Pik(‘. 
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IMic comparison of'tlio longitudinal section ot* tlio Man’s 
skull witli that of tlio Pike (Fig. 08) confirms the conclusions 
arrived at from the study of the transverse sections. A ‘^cranio- 


FiV. 67. 



67. — 'I’ho nntoi'iur .segment of tlic skull i epie.^onted in Fig. 66. — Jlf//, inandihle. 

nvi’ow iiidicnting llie jiositioii ot' the anterior .seinieirciiJar canal. Tlie lettei's 
/?, S, one on each .side of the basi-.'^phenoid, are seen through the canal for the orbital 
nuuscles. The pro-otic hone is left unshaded. In this, and in the jh'eceding iigui'e, 
the dotted shading indicates c<\rtilage; hut, as the <lra\vitigs were made from a dry 
skull, it must he remembered that the whole ol' the cartilage entering into the 
cranium i.s not represented. 

facial axis/’ composed partly of bone and partly of cartilage, 
(extends fi’um the occi])ital foramen to the anterior extremity of 
the snout qf the fish. The posterior part of this constitutes the 
lloor of the cranial cavity, and is the hasi-cranitil axis. The 
unteiTor part, excluded from the crauial cavity, is, as in Man, tlie 
basi-facial axis. 

Again, as in Man, three pair of chamber.s, destined foi’ the 
lodgm(3iit of the organs of tlui higher senses, are placed sym- 
metrically upon the sides of the l^iko’s skull. , The olfactory 
chambers are situated just in front of Pr/, in Fig. 05, and the 
orbits beneath S.Or., Avhile the auditory organs are inclosed 
within the posterior bony walls of the brain-case, as indicated 
m the transverse sections. And, as in Alan, the olfactory and 
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aiiclitory nppamtuses arc fixed witliiii tlioir chambers, while the 
eye is freely moveable witliin the orbit. 

Tims, for the l^iko, T may I'opeat the phraseology which I 
employed in giving a general description of tlie skull of Man. 
It consists of an axis, of upper and lower arches, and of chambers 
for the sensory organs. 

^The next point is to ascertain liow fiir this correspondence, 
tlius traci'd generally, extends into the details of the composition 
of* the skull ; and lioro we may conv(miently begin, as before, 
with the study of the cranio-facial axis. 

Vi<nved as a whole, this axis is rounded and thick behind, 
compressed from side to side in the median region, and tiiickencd 
and de])resscd in tVont. It is composed, as I have said, partly 
of bone and partly of cartilage. Behind, it consists of a single 
well-o,ssifi(3<l mass (7k 0.), \vhich offers, posteriorly, a deeply ex- 
cavated conical articulnr fa<-et, quite similar to that presented 
by the body of the first vertebra, with which it articulates. 
Anteriorly, it is also (‘xcaxvated in the middle, its conk*nl cavity 
terminating the canal for the orbital muscles behind. Its upper 
taco iorms the hinchu’ ])art of the tloor of the cranial cavity and 
the inferior boundary of the o('cipital foraanen. Its lower face is 
bevelled off in front, and articulates with the hinder part of the 
upper face of the bone Ihg. 68. 

Laterally and posteriorly, it articulates with the bones (jE.O.), 
which constitute tin' lateral boundaries of the occipital foramen; 
while, laterally and anteriorly, its deeply-excavated surface is 
free, and forms part of the deep chamber in which the saccnlus 
of the auditory organ is lodged. The greater part of tin's bone 
is solidly ossified throughout, but its conical anterior cavity is 
lined by a thin shell of bone, which is separated by a continuous 
laytu’ of cartilage, thicker above than below, from tlie rest of the 
osseous mass. 

In a longitudinal section (Fig. 68) of a fresh Pike’s skull, the 
upper part of this layer of cartilage is readily seen, and can bo 
traced without inteiTU})tion, from the axis of the bone under 
description as far forwards as the posterior margin of the pitui- 
tary fossa, and therefore, for a long distance in front of the 
anterior termination of the bone B.O, The layer of cartilage 
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bends down at tlio sides, and so enters into the lateral walls of 
the cjivity for the orbital inuseles. The cartilage, however, does 
not iinnualiately constitute the floor of the sluill, or the roof 
and side walls of th(i canal for the orbital inuseles, seeing that 
it is coated over, on both its faces, by bony matter, which is con- 
tinuous witli tliat forming tlie inner and the outei* faces of the 
bom Pr,0. 

Although there can be no doubt, then, that i\\o cartilaginous 
lamella in question ibrms part of the basi-cranial axis, it does 
not, strictly speaking, form ])art of the floor of that skull, b(nng 
shut out therefrom by the extension over it of the ossilications 
(Pr.O.), towards the middl(‘ line. Leaving these ossifications out 
of consideration, ho^v(nxa\ it may ho said that the free edge of the 
middle part of the cartilaginous lamella forms the posterior 
boundaiy of the fossa for the pituitary body, which dips down, 
surrounded by meinbrane, through the centre of tluj canal for 
the orbital muscles, and rests upon the concave surface of an 
tdevation of the bone x at P^ .Lig. 08. [mmediat<dy in front of 


Fig. 68. 



Fig. 68. — I.ODgitiulinnl and veiiioal section of a iicsh Pike’s skull. 1 he cut sinfncc ot 
cartilage is dotted. For S. F.O., J*. lead as in tigs. 66 and 07. 


this elevation cartilage reapiicars, and extends, as an inter- 
orbital, ethmoidal, and interuasal septum, to the end of the 
snout. The cinnial cavity rapidly narrow's above the cartila- 
ginous iiitor-orbital septum, and cuds where the olfactory lobes 
abut against the olfactory sacs. It appears to terminate much 
sooner, however; for the olfactory lobes, after running parallel 
with one another for some distance, diverge, and become sepa- 
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rated by a plate of cartilage, which corresponds to a certain 
extent with the crista galli of the human slvull. 


Fio;. G9. 



Fijj;. GO. — Si'-lc ami iip})er views of a Pike’s skull (after Agassiz). — (i, the artieulai* laeot 

for the hyomaiulibular bone; x, the pari.ixjihcnoid //, the true basi-aplieiioid ; 

-2', the alisphonoid. 

Immediately in front of the pituitary fossa a thin plate-liko 
ossification, ?/, is developed in tlie ctirtilage, and this plate sends 
oft* backwards and a little upwards, uj)on eticli side, ti proc(\ss 
which is connected posteriorly with the cranial floor. These 
two processes consequently lie at tlie sides of the pituitary 
fossa, and tlie V-shaped bone,” as it lias been well termed, 
thus furnishes part of the front and side walls of that fossa. 

The next ossification to bo noted in the cranio-facial axis of 
tlie ITko is the great liono x (Figs. (iG to Gb), which stretches, 
like a splint, along the greater part of the length of the base of 
the skull. 

The lower face of tlie hinder half of this bone is free, wliile 
that of its front half is covered by the bone, Vo. The upper 
ftice of its hinder half articulates, at first, witli the lower surface 
of B.O., but is then free for some distance, forming the fioor ol* 
tlie canal for the orbital muscles, and articulates by expanded 
aliform processes of its sides with the lateral v\ alls of that canal- 
At the front part of the canal it exhibits the elevation which 
forms the fioor of the pituitary fossa, and tlien, depressed at the 
sides, but exliibiting a median superior ridge, it underlies the 
inter-orbital and ethmoidal cartilages. 
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Tlie last ossification of the craiiio-facial axis is a dcprosscul 
bone Vo, thicker in front than behind, wliich fits on to the under- 
surface of the anterior half of the bone just described, and ex- 
tends beyond it to the front end of the snout. The iinder-suiface 
of this bone is free, enters into the middle of the roof of the 
palate, and bears teeth. 

In comparing the cranio-facial axis of the Ihke with that of 
Man, two pair of bones ap])ear, at once, to corresj)ond so closely 
that no reasonable doubt can be mitertained as to their homology. 
These are the posterior and anterior bones of the series in each 
case. The former, in its relation to the spinal column, to tlui 
medulla oblongata, and to the lateral arches of the skull of the 
Ifike, is precisely comparable with the basi-occipital of Man ; 
while the anterior bone as exactly answers to the vomer of man ; 
except that the fish, beijig devoid of any communication between 
the olfactory chaml)ers and the cavity of the month, the vomer 
has a different form, and has of course no relation to nasal 
passages. 

Again, it seems obvious that the ethmoid is represented only 
by cartilage, as in the fretal state of the human skull, for there 
is no ossification in that portion of the cranio-facial axis whi(*h 
lies between the olfactory sacs. 

And the like appears to be true of the pro8])henoid, for all 
that vortical plate-like portion of the cranio-facial axis which 
lies between the orbits, and beneath th(3 peduncl(}s of the 
olfactory lobes, and in front of the crossing of the optic nerves, 
is merely cartilaginous. 

The Y-shaped bone forms part of the front and side walls 
of the pituitary fossa, and its upper prolongations are connected 
behind with the bones Pr.O, and with tlie floor of the cranial 
cavity. In this floor, the long cartilaginous jfiate, already men- 
tioned, constitutes the hinder boundary of the fossa, and sepa- 
rates the Y-shaped bone from the basi-occipital. Now, the 
proper basi-s})henoid (that is to say, the central ossifi(‘ation 
taken apart from the linguhe) forms the front boundary of the 
l>ituitary fossa in Man, but extends obliquely downwards in 
front of it as the stem of the Y-shaped bone does in the Pike. 
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Furtliemoro, in the fcetal hninaii skull, tlie basi-sphenoid eon- 
tributos nothing towards tlie posterior boundary of tl\e pitnitai’v 
fossa, whieh is formed by the long cartilaginous synchondrosis 
which connects the rudimentary basi-sphenoid with the bash 
occipital. I identify the lamella of cartilage wldch I have 
d(\scribed in the l^ikc with this synchondrosal portion of the 
fcetal human hasis cranii 

Hut the basi-occipital, basi-sphenoid, jaesphenoid, ethmoid, 
and vomer of Jilan being now accounted for in the Pike’s cranio- 
facial axis, what, it may be said, is the nature of the bone x to 
which the term basi-splienoid ’’ is conmonly applied ? 

It differs from any of the ossilications of tlie basi-sphenoidal 
cartilage in Man, uot only by extending backwards beneath 
tlie basi-occipital, but by stretching forwards, beneath the pro- 
spluaioidal and (dhmoidal (*artilages, to within a short distance of 
the anterior extremity of the cranium ; and in the still more 
im])ortant ciicumstanco that it is an ossification within the 
})erichondrium, winch can be strijiped off, in skulls which have 
been macerated, or steeped for a short time in boiling water, 
without injury to the cartilage u])on which it is develo])od. 

Mr. Parker has shown, in liis valuable paper on J)almiice2)Sy^ 
that the so-called basi-sphenoid of birds is developed from 
three ossifications, a central one, the true basi-sphenoid, and two 
lateral and inferior centres — the “ hasi-temj^orals ” (Parker), 
Avhich appear to correspond with the Unguhe of Man. 

The thought readily arises that the single bone x may cor- 
respond with these two basi-temporal ossifications. The latter, 
ho\\over, appear to be cartilage ossifications like the lingnlm 
themselves : and, upon the whole, I think it will be safer, at any 
rate for the present, to regard the bone x as peculiar to the 
brancliiate Vertehrata, and to confer upon it the special name 
of enouiy 

Connected wn'th the bones of the basi-criinial axis are upper 
arches, and, as in Man, the hindermost of these arches consists 
of three elements, two of wdiic^h are lateral and one superior. 
Each lateral bone articulates below with the basi-sphenoid, and 
forms the lateral boundary of the occipital foramen. Above, it 
* Trnnsaoiions of tlio Zoological Society, vol. iv. 
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unites with its fellow for a short distance, and so constitutes the 
u})por boundary of that foramen, shutting out the superior bone 
from any share in its formation. Except in this j)oint, it will be 
observed that the tliree bones quite correspond with the (.^x-occi- 
|>itals and supra-occipital {8,0.) of Man. The ex-occipital (E.O.), 
howexau', further differs from that of Man in that it is perforated 
and not merely notched, by the foramen for the eighth pair, and 
that it is produced in front of, and external to, this foramen, so 
as to (niter largely into the (diambiT whicli lodges the lower and 
])Osterior part of the organ of hearing. I'urthermore, there is no 
perf(>ration for any hypoglossal nerve, that nerve not being 
represented in a distinct form in tlio fish. 


Fig. 70. 
L 



Fig. 70. — 'I'ho basiil and lateral bones ol' tlie skull of a I*iko viewe i from above, ''i'lie S([iia- 
ni<;sal and the tlii’ee pei iolic Ijoucs are lel't unshaded. P, the pituitary fossa. 


In the Pike, no bony wall separates the membi*anous laby- 
rinth from the cavit}” of the skull, the periotic ossifications being 
all situated, as tlu^y are when they first appear in Man, upon the 
outer side of the caiisule of the labyrinth ; and this capsule is 
still less complete than that of tlie human foetus, seeing that 
its inner wall is not even cartilaginous, but remains in the 
condition of membrane. Notwithstanding the comparatively 
incomplete condition of the periotic bones of the fish, liowever, 



172 


ON THE STRUCTURE OF THE SKULL, 


they arc as clearly and distiiietly identidahle as any bones of 
the skiilh 

^Idie large bone, Pr.O., whieli occupies a great part of the 
wall of the (*ranial cavity, in front of the ex-occi[)ita], has its 
front margin deeply notched for the exit of the third division 
of tlie trigeminal. It presents a foramen thi-ongh which the 
portio dura passes ; it })rotects the a.nteri(n- part of the vestibnle 
and the anterior vertical semicircular canal. In other words, 
it has exactly those relations to the auditory organ and to the 
(U'auial nei’ves which esjiecia.lly charac'teriso the pro-otic ossi- 
fication of Man — which, it will be recollected, also protects the 
anterior ])art of the organ of hearing, lies behind the exit of the 
tliird division of the trigcuninal, and is perforated by the portio 
dura. 

In minor respects, on the other hand, the pro-otic of tlie 
Pike differs from that of Man ; us, for examph^ in its vast j)ro- 
portional size ; in its remaining distiiu*! from. th(‘ other periotic*, 
bones ; iji the wide ossilication which extends from it over the 
basal cartilage of the skull towards the middle line ; and in 
coming into contact with thc^ (‘X-occipital and basi-occipital 
beliind. Ihit none of these raodiHcations regally interfere with 
the liomohogy of the bone — which Ave sliall find to be identi- 
fiable by the same (‘ssential characters throughout the vertebrate 
series. 

The epiotic element is not less distinctly recognisable. Tdie 
upper and lower crura of the great posterior vertical semi- 
circular canal ti’averse notches in the supra-oceipital and ex- 
oedpitai respectively, but the summit of the arch of the canal 
is iuf'losed within a distiiu*t conical ossification, the ‘‘ external 
occipital ” of Cuvier. This ossification is, in fact, porch(Tl upon 
the posterior vertical semicircular canal, just as the human 
epioti(3 ossification is perched upon the summit of the arch of 
the same canal when it first appears ; and if the semiciix'iilar 
(Canals of man were to grow^ in the same proportion to the brain- 
ease as those of the fish, the epiotic would be carried out as far, 
and would leave a considerable space between the pro-otic and 
itself, into whiidi the adjacent supra-occipital and ex-occipital 
bones might intrude, as they do in the fish. 
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The third of the periotic ossifications — the o|>isthotic — seems 
at first not to be discoverable in tlie Pike. But in some speei- 
Ttiens of this fish, and in a great many other fishes, there is a 
distinct bone (whicli is particularly large and conspicuous in the 
Gadidai) connected below and behind with the ex-occipital, in 
front with tlie pro-otic, internally and behind witli the epiotic, 
and externally ^vith the S(|uamosa,l. It enters especially into the 
outer and })Osterior wall of the labyrinth, and pi’otocts a great 
part of the external semicircular canal, sharing this function 
with the pro-otic. 

As there is neither ovalis nor rotunda in the fish, 
and as it is by no means certain whether the saccudus does or 
does not correspond with' the cochlea of the higher Veriehrata, 
some of the best marks by whi(‘h the opisthotic may bo idoTdi- 
ti('d are wajiting ; but the relations of this bone to the other 
periotic ossifications seem to me to be decisive as to its real 
nature. 

The p(‘riotic bones being thus identified, they are all elimi- 
nated from comparison with the pi'opei* sipiero-lateral consti- 
tuents of the cranial arches. And there remains only one bone 
in the lateral walls of the Ihke’s cranial cavity which (‘an answer 
to any of these, wliich is that marked in Figure (>8, in the 
otlier figures. 

This bone has the Icuau of a triangle, with its apex turned 
downwards. The hinder side of the triangle abuts against the 
anterior margin of the prO“(jti(*, and closes the trigeminal notch 
in tlnit bone aiiterioidy. The fi'ont margin ends in the (airtila- 
ginous side walls of the skull ; the apex approaches, but stops a 
little sliort of, the lateral wing of the Y-shaped bone, or basi- 
sjfiienoid. The ndations of this bone are tlierelbro essentially 
those of the alisphenoid, though 1 think it quite possible that 
the orbito-sphenoid may, to a certain extent, be represented by 
its anterior portion. 

The bones which enter into the roof of the skull (Fig. OH) 
remain for consideration. Of these, the supra-occipital, whicdi 
has no additional constituent comparable to S.O' in Man, has 
already been mentioned. It articulate ‘s in front with two very 
If^rge and long bones (Fr,), separatcal by a median suture, whicli 
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narrow in front of the orbits and end in a point beyond the 
nostrils, and but a sliort distance from the extremity of tlie 
snout. The supra-occipitul lies between, and separates two otlier 
comparatively small and insignificant bones (Pa.), which are 
situated between the posterior edges of the parietals and the 
epiotics, and, strictly s])eaking, do not enter into the roof of the 
cranial cavity at all. Of these two pairs of bones, llio anterior 
represent the frontals of IMan, and the posterior his parietals. 
The position and proportions of the bones are, indeed, remark- 
al)ly altered ; but wc shall find by and by, that these very vari- 
able cranial elements undergo almost as great changes of propor- 
tion and relation even within the limits of the Mammalian class. 

The^three bones which correspond with the aaid 

2 )ars mastoi(le.a have already been identified. In jMan another 
clement, the squamosal, situated above and exh'rnal to the 
pro-otic and opisthotic enters int(3 the composition of the tem- 
poral bone. In the Ifiko there is a corresjionding bone, whicli 
forms the external and posterior angle of the skull, and lies 
above and external to the pro-otic and opisthotic, being usually 
anchylosed with the latter. The under and outer surface of this 
squamosal bone (*ontributes towards the foi'mation of the articular 
facet for the suspensory aj)|)aratus of the lower jaw. There 
appears to be no ossification in tla^ ethmoidal cartilage, whicli 
answTU’s to tlie lamina inn^n^iidicidaris of the ethmoid. Hut, 
.separating tlie orbits from the nasal chambers, there is on each 
side of tlie frontals, and partially overhipped by them, a bone 
which hcliis to bound the hinder wall of the nasal chambei’, 
which lies external to tlie olfactory nerve, and wliich is in imme- 
diate relation with the nasal division of the trigeminal nerve. 
This is the bone termed pre-frontal” by ( hivier, and it obviously 
coiresponds with the lateral mass of tlie ethmoid in Man, which, 
in like manner, enters into the wall of the olfactory chamber, lies 
external to the olfactory nerves, and is travei’sed by the nasal 
division of the fifth. 

Thus far the bones entering into the composition of the Pike’s 
cranium (with the exception of the paiasphonoid ”) have been 
identified without much difficulty with those mot with in ]\hin. 
But there remain several othei’s which seem to be without human 
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lioniologuos. These are, firstly, tlie bones called post-frontal, 
Ptf.y which form the posterior, superior, and external angles of 
the orbits, and are wedged in l^etween the alisphenoids and the 
pro-otics ; secondly, the bones marlved 1 and 2, developed u})on 
the ethmoidal cartilage external to the points of the frontals. 
The pair 1,1, which immediately overhang the external nares, 
are probably to be regarded as the nasals of IMaii ; but the nature 
of the second pair, 2,2, which lie internal to them, and extend to 
the end of the snout, is doubtful. Still less does there appear 
any reason to identify the bones 3,3, wliich are minute tri- 
angular ossidcations in the substance of the cartilage between 
the bones 2,2 and the vomer, with any which exist in man. I 
consider them to bo peculiar to the lish. 

And now to sum up, in a few words, the structure of the 
bi'ain-case of the Fish. We find, as in IMan, a posterior, oed- 
intal^ seginont, consisting of basi-occipital, ex-occipital, and supra- 
occipital ; a middle, imridal, segment, consisting, as in JMan, of 
a basi-sphenoid, alisphenoids, and parietals, but in which the 
latter, in consetpience of the disproportionate size of the frontals, 
are thrown far back out of connection Avith the alis])henoids ; 
and, finally, an anterior, oi\ frontal, segment, of whicdi only the 
frontals arc separately distinguishable in the osseous state. 
The oibito-sphenoids and the pres})henoid arc alike represented 
only by cartilage and membrane, unless, indeed, as has been 
suggested, a part of tlie alisjhenoid may take the place of the 
former bones. 

Of the bony clenumts connected with the sense-caj)sules in 
Man, the pro-otic, opisthotic, ami epiotic, together with the 
squamosal, have been clearly identified in the Pike ; as liavc the 
pre-frontals and the vomer. 

But certain bones present in Jlan have not been recognised 
in the Fish ; while, on the other hand, certain bones present in 
the Fish ajepear to have no representatives in i\Ian. 

Thus, while the study of the cranial structure of the JMan 
and tlic Pike reveals a fundamental identity of composition 
between the two, it deinonstrates the existence of a no less 
marked diversity, each type exhibiting structures and combina- 
tions peculiar to itself. 
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Tlie principal bones wliicli surroiincl tlio oral cavity in the 
Pike are disj^osed, as in Man, in pairs, some being in front of 
and al)oye tlie oral aperture, while others are boliind and below 
that aperture' ; and thi'y inclose the buccal ajul ])l)aryngeal 
chamlx'rs. 


Fig. 71. 



Fig. 71. — Palat<M{\iad)-a1e ardi, with tin* liyomanfliiuilar and symj'lai-iic, the aiticular 
picco of tho lower jaw, and Mockol’s oaitilagc, of tlie Tike, .seen iVoiii the inner side. 
df the cartilage interposed Ixd.weeii the iiyoinandibular and tlie synipleetic ; that 
which scM'vos as a }tcdii'Ie lor tlie pterygo-)>alatiiio aroli ; c, process of the hyomaii- 
dibular witli winch the operculum articulates; liead of the hyomandibulav wbicli 
aiticulates with the si<le of the .-^kull. 


Tlie anterior pnir of pre-oral bones (Vm-x. Fig. (nT), small, and 
beset with teeth Ujion tlan’r undersurfaces, nre conueeted with thf' 
vomer and tlie tcTmiiiation of tine cjirtilnginous rostrum fonned 
l)y the interuasal septum. They obviously answer to the human 
[iro-maxillte. An elongated bone which bears no teeth, 

is connecte'd anteriorly witJi the pre-maxilla, and, lying external 
to the otlier pro-oral bones, forms the boundary of the gape. 
Its homology with th(' maxilla of Man apjiears to be unquestion- 
able. A second smaller bone is conmtetcid witli tlio jiostei’ior 
part of the upper edge of the maxilla, and is usually regaixled 
as a subdivision of it. 

Pelund tlie prc-maxilhe, and internal to the maxilhu, in tln‘ 
situation occupied by tlie }>a.latino and pterygoid bones in Man, 
the Ihke lias an osseous arcli of much greater comjilexity and 
somevvliat different connections. 

The summit of tliis palato-quadrate ” arch is moveablj 
articulated, by a cartilaginous pixlicle, with the outer surface of 
the pre-froiital process of the skull. The anterior crus of tlu' 
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arch stretches forwards, parallel with the vomer, to tlie pre- 
maxilla; its posterior crus extends backwards, and, spreading 
out, ends in an upper (Jfp/.) and a lower {Qu.) piplongation. 

Five bones enter into the composition of the arch — two 
median, two posterior, and one anterior. The median bones are 
so disposed that tlieir anterior ends embrace the lower piirt of 
tlie cartilaginous pedicle (6), the one lying more external, and 
the other internal, to the latter. The more external has been 
called ectopterygoiciy ^ It e^xhi bits a short, ascending process, 
running tip towards tlie pre-frontal, and strengtliening the carti- 
laginous pedicle ; an anterior pi-ocess which articulates with the 
bone FI. ; and a posterior arched pi'olongation, which descends in 
front of the bone Qii., and articulates witli its anterior edge. 
The internal bone, called ento^tenjgoUV is a nearly 

straight, flat bone, the anterior half of which is applied, like a 
splint, to the inner face of* the ectopterygoid, while its broader 
posterior face is similarly adjusted, above, to the bone and, 
below, to the bone Qu, Tlui two last-mentioiKHl posteiior ” 
bones of the arch arc termed respectively the radapfrrytfoid ” 
and the '^quadrate'' bones. The former is a broad, four-sided 
bone, convex upon its inner surface, which presents a raised, 
(‘iirved ridge, beneath which the entopterygoid is received 
anteriorly and the hyomandilailar posteriorly. It is connected 
below with the quadrate bone, and, behind, it overlaps the hyo- 
mandibular (H.M.) and the symplectic b%.). 

The os quadratuin (Qu,), so termed, not on account of its 
form, which is triangular, but by reason of its identity with a 
bone called by the same name in Jhrds and lieptiles, presents 
interiorly an articular head, Avith an (dongated articular surface, 
convex from before backwards, for the lower jaw. On the 
postei ior part of its inner surface it has a deep groove, directe^d 
from above downwards, very nearly paralhd to its posterior edge. 
Into this the symplectic is received. 

The anterior bone (Pa.), lastly, is elongated and flattened, 
and bears teeth upon its lower surflice. It is received ante- 

* Not to multiply names unnocessarily, I adopt this term, which involves no 
theoretical implications. It must bo carefully borne in mind, however, that this 
“ ectopterygoid ” has nothing to do with the “ external pterygoid ’ process of Man. 

N 
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riorly into tlie re-entering angle between the vorner and the 
pre-maxilla and maxilla. It is usually regarded as the palatine 
bone. 

Before attempting to discuss the homologies of these several 
constituents of the palato-qnadrate arch in the fish, it will be 
necessary to take into account the nature and arrangement of 
its post-oral lacial bones. 

In ]\[an, the post-oral bones are arranged in tw^o arches — the 
mandibular and the hyoidean; or, 'inore strictly speaking, since 
the hyoidean arch is really composed of two, indicated by its 
lesser and greater cornua, there are three post-oral arches. 

In tlio Bike, the lower jaw forms a mandilmlar arch, obviously 
corresponding in a gtmeral w^ay with that of Man ; behind this 
follows a second arch, answering to the styloid ju'oeesses, stylo- 
hyoid ligaments, and cornua minora of tlui human hyoid, but 
with much greater masses of bone entering into its com])osition ; 
and this is succeeded bvno fewnr than live other arches, the four 
anterior of which, su})porting the gill filaments, am termed the 
^^hrmicliial arches^'' while the last pair, which caiTyno brancliiag 
and are much smaller than the others, are called the ‘inferior 
a rynge.a I hones. 

The symphysis of the lownr jawis formed hy the ligamentons 
union of tw^o bones, which carry the inferior teeth of the IMko, 
and correspond respectively wu*th the rami of the human man- 
dible. But, besides these dentavi/ hones (1)^ Fig. (Jo), each half of 
the lower jaw^ of tln^ Pike has two other (‘oustituents, which are 
not represented in the human lower jaw. One of these is a 
small bone, which forms the lower part of the angular process of 
the jaw. It is ternu'd the os angnlare, oj* angular piece {An^ 
Fig. 60). The other is a large triangular bone, wdiich fits iji 
between the dentary and the angular, and is termed the articular 
{os articular e, Ar.), because on its n})por surface it bears a eon- 
cavo articular fossa, into wliieli the condyle of the quadrate bonc^ 
is received (Fig. 71). The cartilage wliieh partially forms the 
walls of this fossa is continued into a long tapeuing rod, whicJi 
lies upon the inner surface of the articular and of the dentary, 
and terminates in a. point shortly before reaching the symphysis 
{Moh, Fig. 71). 
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This rod of cartilage affords a safe basis upon which to found 
a homological argumentation. For it most certainly corresponds 
with Meckel’s cartilage in the human fcetus, and the dentary 
bone lies outside it, in just the same way as the dentigerous 
ramus of the human mandible lies outside Meckel’s cartilage. 
But the articular bone is an ossification in and around the proxi- 
mal end of Meckel’s cartilage in the Pike, just as the maUeiis is 
an ossification in and around the proximal end of JMeckel’s car- 
tilage in tlie Iniman foetus ; and tim 09 , quadratum is related to 
the os articnlare of the fish in the same wa}^ as tlie incus is 
related to the’ malleus. 

Hence it is to be concluded, in tla^ al)sonce of any evidence 
to the contrary, that the articulai- piece of the Pike’s lower jaw 
answers to the malleus^ and the quadrate bone to the meus, 

I am not aware that any evidence can bo addu(*ed against 
this view ; but, on the other hand, the relations of the parts 
thus identified to i\\Q. jportio dura of the seventh nerve, in Man 
and in the Fish, seem to me to afford it much support. 

The portio dura in the former perforates the pars petrosaj 
and, after skirting the inner wall of the tympanum, external to 
the labyi’inth, leaves the skull by the stylo-mastoid foramen. 
kJefore it does' so, however, it gives off a i-ecurront branch, the 
chorda tymqyani, which tnkos, a veiy singular course — |)assing 
between the pyramid, which is the upper end of the hyoidean 
arch, and the tympanic bone, entering the tympanum, crossing 
the auditory ossicles to make its way out at the front wall of the 
tympanum, between the tympanic and the squamosal, then 
uniting with the gustatory division of the trigeminal, and passing 
down along the inner side of the ramus of the mandible with it, 
until eventually it leaves it to become connected witli the sub- 
maxillary ganglion. 

The principal portion of the portio diira^ on the other hand, 
makes its way out by the stylo-mastoid foramen, and is dis- 
tributed to the facial muscles, some comparatively insignificant 
branches only, being furnished to the h waters of the hyoidean 
ap})aratu8 and depressors of the lowa3r jaw. But, as has been 
already stated, tlie facial muscles, so important and largely de- 
veloped in Man, become insignificant in the lower Vert(d)rates, 



180 


ON THE STRUCTURE OF THE SKULL. 


and are not represented at all in the Fish. Hence, in tl»o latter, 
we might expect to find only mandibular and liyoidean branches 
of the jportio dura (*or responding with the chorda iympani on 
the one liaiid, and tlic stylo-hyoidean and digastric bninches, on 
the otlier, in jMan. And this is really the case. For tlie portio 
dura of tlie l^ilce, wliich loaves the sknll by a special foramen in 
the pro-otic bone, traverses the hyomaiulibular bone, and tlien 
dividc's into tAVo braTiches, one f>f Avliicli runs backwards to the 
liyoidean arcli ; while the other, directed forwards and down- 
wards, jmssos to the inner side of the quadrate bone, and over 
its articnilation with tlie artienlare to the inner surface of the 
lower jaw, along wliich it runs to the extremity of the ramus. 
This last branch is obviously the representative of the chorda 
tympanic and its relations to the (|uadrate and articular bones 
are, it will be oliserved, viu-y similar to those whiidi the eorre- 
sponding nerve lias to the incu$ and malleus in Man. 

Holding fast, then, liy this determination of the homologies 
of the a/riiculare and qiuulratimi, Avhat is the nature of the other 
bones entering into the palato-quadrate arch ? 

The metafteryr/Qul may p(!rhaps answer to the os orhiculare. 
The manner of its connection with the (juadrate {inc/us) suggests 
this vieAV, for Avhich, however, I cannot pretend to offer any 
positives ]>roof. 

dTiat the other three bones answer in a gemnul way to the 
ptorygo-pahitino bones of ]\ran is certain, ddio pterygoid of 
Man, it is true, is in no way <*onuectod Avith the incus, Avhile both 
bones Eeid, and IJpt, are united with the quadratum. Ihit this 
is in reality no difficulty, for Ave shall find that, in the higher 
ovi})arous Vertehrata, the os quadratimi is very generally con- 
nected with a bone Avhich is universally admitted to correspond 
with the pterygoid of Man. 

Again, both the ]:)alatine and the pterygoid bones of Man 
are articulated with the base of the skull, Avhile the palato- 
pteiygoid arch of the Fish is not directly connected with any 
of the basi-crauial bones ; but, in many of the higher Veriebrata, 
the pterygo-palatine arch is almost a,s fVee of the liase of the 
skull as in the Fish. 

No doubt, then, the palato-pterygoid bones of the Fish, 
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taken together^ answer to tlic palato-pterygoid bones of the IMan ; 
Init it is a very dilliciilt matter to identify the separate con- 
stituents of the two ^relies. 

One of the most striking features of the [)alatinG bone, not 
only in Man, but in the Vertehrata generally, is its articulation 
with the pre-frontal, or lateral. mass of the ethmoid. If, guided 
by this character, we seek for the liomologue of the palatine in 
the Fish, the so-called ectopteiygoid ” alone satisfices the con- 
ditions. But if this bone be the homologuc of the true palatine, 
the bone PZ. must be regarded as a dismemberment, or subdivi- 
sion of the palatine,^ and the entopterygoid will take the 
])laco of the true })torygoid. 

The j>alato-(|uadrato andi, with the lower jaw, is immediately 
suspended to the skull ojdy l)y the articulation of the carti- 
laginous j^ediele h (Fig. 71) with the pre-frontal, none) of the 
posterior (dements ot the arch being directly articulated with 
the skull, dhey are indirectly united with the latter, however, 
by two very rcuuarkuble bones, the IL/oinaniUhiilar {II. M.) and 
tlie Siiin])Uctic {^y-)- 

The 08 hyoinandihnlare is a broad flattened bone, somewluit 
constricted in the middle, and divided b(dow into an anterior 
and a posterior process. The nppeu^ convex edge of the bone 
{d. Fig. 71) fits into an elongated, concave, glenoidal fossa 
bounded by the squamosal, opisthotic, and pro-otic bones, and 
swings freely thei-ein, in a plane perpoiidicnlar to the longi- 
tudinal axis of the skull. The large anterior inferior process 
articulates by its anterior edge and outer fa(*e with the imda- 
pterygoid, while behjw it is unitud by a i)ersistont synchondrosis 
witli the irregular styliforni bone, the Si/m 2 )kcticj whicli is firmly 
fitted into the groove already described upon the inner lace of 
the quadrate bone. 

The connection tlius establislied between the liyomandibnlar 
and tlie sympleetic, is strengthened externally by the firm ap- 
position of a curved elongated bone, the I re-oi)erculum, to tlie 
hyoinandibular above and to tlie quadrate bone below. 

* Looking upon Va. and Eept. as ouo bone huiuologous witli tlie |mlatino of 
Man, it will be found that in osseous Fislios tbc si paratioii between tlierii takes 
place sometimes in front of the pre-frontiil artieulutiou, as in the Pike, somtdimes 
behind it, as in the Cod and most bony lisbes. 
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Tlie liyoidoo]! ritIi consists of two median bones, — an an- 
terior, tbe entor/IoHsal,'' which supports the tongue; and a 
postxT'ior, the 'Uirohjaiy Its lateral cornua are formed by 
four bones, two small (hasi-hyal), and two large (ejn and 
ceraMiyals) on each side, the latter supporting the ^‘bran- 
chiostegal rays ” on which the branch iostegal membrane is 
spread out ; and the upj)er of the two larger bones is con- 
nected witli the synchondrosis between tlie liyomandibular and 
symplectic by a stvliform bone — the dyJo-liyal (hh’g. 71, 

Thus, the hyomandibular may be regarded as common to the 
mandibular and the hyoidean arches, supporting the former, 
indirectly, by means of the symplectic, and tlie latter directly, 
by means of the stylo-hyah 

Idle stylo-hyal Yery probably corresponds Avitli the styloid 
process and ])yramid of Man, but it is diflicult to find any yery 
sure footing for our interpretations beyond this point. 

The manner in which the symplectic is connected, on the 
one hand, with the representative of the and, on the other 
liand, with tliat of the styloid jirocess and ])yramid, is strongly 
suggestive of a relation hidween this hone and the stapes. But 
it must 110 less !>(> admitted that similar arguments might he 
used in favour of the stapedial charaeter of tlie hyomandibular 
boii(‘, tlie articulation of which witli the pro-otic and opistliotic 
might be compared with tlie fitting iu of the stapes into the 
fenestra ovalis, which is bounded by these two bones ; or again, 
plausible arguments might be brought forw ard in favour of the 
view that tlie hyomandibular, at any rate, is a bone special to 
iislies. At jirescnt, it may be well merely to indicate these 
various possibiIiti(*.s, as the study of development has liardly 
been carried sufficiently far to eiialile us to decide in favour of 
one rather than of another. 

Each of the four anterior branchial arches is composed of 
four bones, and the braucliial arc1l(^s of opposite sides are united 
by connecting cartilages and median ossifications. The anterior 
or first arch, which corresponds wdth the greatiT cornu of the 
liyoid of Man, is fixed to the pro-otic bone, between the exits of 
the trigeminal and i\\e])ortio dura, by cartilage. The succeeding 
ar(dies have no osseous or cartilaginous representatives in Man. 
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The brniicliiostegal rays attaclied to the epi-hyal and cerato-hyal 
are in like case. 

Tlireo bones, tke operetilum siib’Ojjercuhim (8. Op.), and 
mier-operciduiti (l.Op.), are developed within the niembranons 
gill-cover, and serve to strengthen it (Fig. 65). ^J^he operculum 
is articulated with the ])oste.rior and inferior process of the 
hyomandibular bone ; the inter-operculuin is connected by liga- 
ment with the angular piece of the jaw, the sub-operculum lies 
between the two. 

The gill-cover is developed from the outer surface of the 
second visceral arch, and corresponds with the concha of the 
ear in the human subject; and as the latter part contains no 
osseous elements, it is obviously in vain to seek for the homo- 
logues of these bones in Man. 

Tlie pre-operc'ulwm, which, as I have stated above, binds 
together the hyomandibular and the quadrate bone externally, 
has been compared with the tympanic bone of Man, and the 
])osition of the bone and its relations to the rej)re8entatives 
of the ossieula auclitus are certahily not altogether unfavourable 
to this view. 

These are the most important bom^s in tlie l^ike s skull, but 
sevei’al yet remain for consideration. 

Idius there is a small, oval, siipra-orhital ossicle (S.Or., 
fh'g. 65) attached to the outer margin of the frontal, above the 
orbit, and an inverted arch of suh-orhital bones which bound the 
orbital cavity externally and inferiorly. 'The sub-orbital series 
consists of a large anterior bone, whiclilies beside the nasal, and 
of live or six smaller bones, the liindermost of Avhich is con- 
nected with, or attached close to, the post-frontal. 

Finally, in the IMke, a foi’kcd l)one, tlio supra-scapxda, sus- 
pends tlie scapular arch to the apices of the squamosal and 
epiotic. bones. This bone, it need hardly be said, is without a 
distinct osseous representative in Man. 

The merely anatomical comparison of the facaal bones of tlie 
Pike with those of Man thus leads to a conclusion very similar to 
that attained by the examination of the bones of t he skull proper. 
There is a (certain identity of fundamental plan upon which 
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special structural peculiarities arc superadded in each case. 
Both types of skull exhibit many bones in common, but in eacli 
type, BOine of these bones acquire S|)ecial arrangements and very 
different relative magnitudes; and each type exhibits bones 
peculiar to itself, the iiumber of those present in the I'ish and 
absent in the Alan, being very much greater than of those pre- 
seiit in the Alan and absent in the Fish. As miglit be expected, 
the study of the development of the Fish’s cranium brings out 
into still stronger light the fundamental resemblances of its 
structure with that of the higher Vertebrates. The primitive 
groove makes its appearance on the blastoderm, and becomes 
convei’tod into a canal by tlie arching over and coalesc'oncc of 
the dorsal laminm. The anterior part of the canal dilates and 
becomes subdivided into corcl)ral vesicles. The notochord ap- 
pears and terminates, in fj*ont, in a point bcdiind the pituitary 
body ; while round its apex, that bend of the ]>]*imitivo cranium 
takes phu'o whicli constitutes tlie cephalic li(xxur(^ ^Jdie organs 
of sense make their appearanc(‘ in the sanies regions, and the 
visceral arclies and clefts are developed in tlie same way. But 
a greater number of them appear, and the posterior ones, 
instead of vanishing, give rise to the branchial skeleton and 
brancliial clefts. Idle mandible is developed in the first visceral 
arch, and the liyoid aiijiaratns in tlio second, as in Alan; but 
the details of tlie mode of origin of the hyomandiliular andsym- 
plectic, of the palatine and maxillary apparatus, and of the 
naso-froiital process, have not been as yet worked out with 
sufiicieiit thorougliness to enable us to determine with certainty 
the homologies of all the resulting parts. 

Tlje cranium is at first wholly membranous, but after a time 
it becomes partially ehondrified in the same way as in the 
higlicr Vertebi-atcs (Fig. 72). Cartilage npjiears in the base of 
the skull n])on eaeli side of tlie notochoi’d, and surrounds the 
great auditory capsules. Anteriorly it divides into two processes, 
the traheculm cranii {T7\), whicli separate so as to inclose the 
pituitary fossa (P), and reunite, in front of it, to form tlie ethmo- 
vomerine rostrum. From tlie floor of the skull, at the front ami 
latfu’al part of each auditory capsule, a cartilaginous process 
(JLW.) is given off, and passing downwards and forwards ends in 
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a free styliform process, wliicli lies parallel with, and is bound by 
connective tissue to, the free hinder crus of an inverted arch of 
cartilage, tlie anterior crns of which passes into the pre-frontal 
region ot the ethmo-vomerine cartilage. The centre of this 

Fig. 72. 




Hg. 72. — j Jic* cartilaginous and jrarlially ossilied crania of young Sticklebacks {^Ouster- 
osteus), — A, in a very early, B, in a more advanced condition, lioiu above; V, 
viewed from the side; CV/., notocliord ; J//:., auditory capsules; 7-*, j)itiiit;iry Ibssa; 
Tr, trabeculae ; a;, jiarasphenoid ; Qa., indicate not only tlie bones, but 

the im?-existing cartilages. 

palato-qiiadrate arch is prolonged into a process which 

articnlates with the cartilaginous ramus of the mandible, while 
the upper [tmi of the cartilage [HM, 8y) gives attachment to 
the cartilaginous hyoid {Hi/,). 

This is the earliest condition of the cartihiginous cranium of 
the osseous fish that has yet been observed ; but it can hardly 
be doubted that the liyomandibidar and t)alato-quadrate carti- 
lages have already deviated considerably from their primitive 
condition, and it would bo a matter of groat interest to ascertain 
whether these cartilages are j)riniitivcly continuous ; or whether, 
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on the other liand, the hyomandibiilar altogether belongs to the 
second visceral arch, while the hinder crus of the palato-qiiadrate 
belongs to tl)e first, but lias become detached from its primitive 
connection with the hems era7iii. 

The basi-ocei}fital oj iginates as an ossification, which imme- 
diately surrounds and incloses the end of tlie notochord, and 
extends into the adjacent cartilage. The ex-occipital is de- 
velojied within the substance of tlie (‘artilaginous cranium on 
each side of the basi-occipitah Idie parasphenoid, on the other 
hand, is developed as a superficial ossification in tlie perichon- 
drium of the base of the skull, and extends in front of, and 
bcliind, the pituitaiy fossa in this mejnbrano. The pre-maxilhu 
and maxilhe have no cartilaginous predecessors, nor liave tlie 
deutary and angular i)iec{\s of the lower jaw. The palatine is 
developed around, if not in, the anterior crus of the palato- 


73 . 



7;;_ — 'riie cartihiginous ciaiiium of a Pike, with its iutrinsic ossifications viewc.I, 
from above; B, from bolow ; C, from the left side. W, iV, nasal fosssc ; I. Or, 
inlf'r*()rbital septum; a, groove for a median ridge of the parasphenoid; canal for 
the orbital muscles. 
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quadrate areli ; the nietapteryq’oid in the same relation to its 
posterior crus ; the quadrate bone, in its inferior process. The 
symplectic is a cortical ossification of the styliform part of the 
hyomandibiilar cartilage, tlie ossification of the rest of the latter 
giving rise to the hyomandibiilar bone itself (Fig. 72). 

In many osseous fishes, such as the Car[), the cartilaginous 
cranium disappears, witli age, as completely as it does in Man ; 
but, in the Pike, it not only persists, but grows and enlarges 
with age, so that the relations of the cranial bones to cartilage, 
or to memlu’aiKj, can be inv(3stigat(Hl at any period of life. 

If the skull of an adult Pilve be macerated, or, better, steeped 
for a short time in boiling water, a number of the cranial bones 
will separate wuth great ease from a sort of model of the skull 
(•hicfly composed of cartilage. 

dliis ^^cartilaginous skull” forms a complete roof over tin'- 
cranial cavity (Fig. 7!^}, A), whence it is continued, without in- 
terriqfiion, to the anterior end of the cranium, forming the narrow 
inter-orbital septum (I, Or.) and the broad internasal rostrum 
{Mh.), and giviiig rise to two antorbital processes (Prf.), which 
separate the orbits from the nasal chambers, and are perforated 
by the olfactory nerve, and by the nasal division of the fifth. 

dhe inter-orbital cartilage is inteiTU])tcd by an oval space 
filled ^vith membrane, just in front of tlnj basi-sphenoid, so that 
it is continued to the lower end of that bone only by a slender 
cartilaginous rod, which passes into the stem of the Y-shaped 
basi-sphenoid (Fig. 73, C). 

The cartilaginous basis of the skull, tiierefore, is not con- 
tinued back along the floor of the canal for the orbital muscles. 
'Ilui roof of the orbital canal contains cartilage in the middle 
line, which is almost comjdetely hidden in front by the ex- 
tension towards one another of the horizontal laminae of the 
pro-otic bones. The under-surface of the inter-orbital septum 
and of the greater part of the cartilaginous rostrum is marked 
by a deep groove (a. Fig. 73, B), into whirh a median ridge of 
the parasphenoid is received. 

The bones which, being developed in ])erichondrium, are 
easily removed from the macerated skull, are tlie pariotals, the 
frontals, the bones 1,1. and 2.2. (Fig. fib), tlie squamosals (when 
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these are not aiieliylosed with the opisthotif3 bones),* the vomer, 
and the ]3arasphenoid. 

The bones whieh, as ossifications of the substance of the 
cartilaginous cranium itself, are not thus separable, are the bash, 
ex-, and snpra-occipitals, the tliree periotic? bones, the ali- 
splienoids, the basi-splienoid, the post-frontals, the pre-frontals, 
the bones 8.3 (Figs. (>!) and 73). 

Thus, in a cei taiii sense, the adult skull of the I^ike may be 
said to represent, in a persistent form, a condition of the skull 
which is traiisitory in Man. 

I^et the sides of the human Jfoetal cartilaginous cranium grow 
up and unite in the roof of the skull; let the pre-sphonoidal, 
ethmoidal, and interuasal portions be greatly elongated ; let no 
distinct ossification take place in the pre-sphenoidal and orbito- 
sphenoidal regions, or in the part answering to the lamina 
perpeiidicularis, while the basi-sphenoidal ossification remains 
very small, and that cranium would ])ut on the most important 
and striking characters of that of tin? Pike. 

* How far tlie bone whicli I have marked iSq. in the .slnills of Fisla's is milly a 
membrane bone and (be liomologne of 11\e squamosal of Reptiles, Birds, and 
Mammals, is a ((uestioji wliieli Jieeds thorough re-in vestigat ion. Mr. barker is of 
opinion that it is really a cartilage lx>ne and the homologiu', not of the s(piamosal, 
but of an iiidepeTident ossiticati(»u, which lie finds well developed in tlie periotic 
ca])sule of the Mole and Shrew, and terms the “ pterotic,’* 
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ON THE SIl^UCTLIlIl] OF THE SKITLL. 


THE SKULLS OF FISHES. 

It lias boon soon tliat tlio skull of Man and that of tln^ Pike 
agi’C'C in passing, in a similar order, tlirongli similar dcvclo])- 
mental stages. Eaeli, at first, is a memhranoits cranium, its 
walls boin^ composed of indilfercnt tissue, witli the exception 
of that small part of its base which is occupied by the notochord. 
IMie greater part of the substance of each becomes chondrili(^(l, 
nnd thus that cartilag inotis cranium is produ(‘ed, whicli is a 
temporary structure in the ]\Ian, l)ut a jjei’sistent oik‘ in the 
Fish. Neither in tlie membranous, nor in tlie (‘firtilaghioiis 
state, does the cranium of either Man or Vis\\ present any tra(*e 
of that segmentation which becomes obvious in the tliird con- 
dition, when, by the de})osit of calcareous salts around ceilain 
centres, cither in the cartilaginous craniiiin or the adja(amt 
m(unbrane, the hony cranium is developed. 

These three conditions of the skull are manifested, in the 
same order of succession, by all vertebrate skulls whicli become 
com])letely ossified ; but the crania of many vertebrated animals 
remain throughout life in the second state, or in a condition 
intermediate between that and the third, wliile the skull of one 
of the Vertehrata persists in a state which can only be regarded 
as a modification of the membranous cranium. Hence 1 shall 
l>roeecd to describe the leading modifications of the Vertebrate 
Skull under these heads : — A. The membranous cranium. 13. 
The cartilaginous cranium. C. The cartilaginous cranium, ivith 
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sujyer added memhrane hones, hut 7io cartilage hones, D. Tlio 
osseous cranium. 

The three tirst-nientioued kinds of skull are met witli only 
among fishes ; Amphihia, Beptilia, Aves, and Mammalia in- 
variably possessing a larger or smalier number of cranial bones 
developed in caiTilage. 

A. The 7ne?nbranoi{s cranium. 

The only animal, at [vresent known, wliich comes under 
this category is that singular fish, the lowest of all Vertehrata, 
Amphioxus laneeolatus (Fig. 71). The notocdiord (6%), sur- 


V\<^, 71 . 



Fig. 74. — Skull ot Amphio.vus (after Quatrefagejs ). — a, Po.sitiou of olfactory (?) 

sac ; 6, optic nerves; c, fit'th (?) pair; r/, spinal ium-vgs ; c, representatives of neural 
.spines ; /, (/, oral skeleton; CVt, notocliord ; spinal chord, or inyeloii. 

rounded by a merely membranous slieath, extends very nearly 
to the anterior pointed extremity of the body. The niyelon, or 
S])inal chord (My), occupies the ordinary position above it, in a 
canal formed by upward processes of the membranous sheatli, 
and gives off the spinal nerves, d d, on each side. Quadrate^ 
masses of somewhat denser tissue, e e, seem faintly to represent 
neural spines. Just above the anterior boundary of the mouth, 
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but fur behind the anterior (uid of the notocliord, the niyelon, 
dilating very slightly, suddenly terminates, and with it, tlie 
neural canal. Tlio lateral muscles are divided into segments 
correspondiug witli the pairs of spinal nerves, and the most 
anterior of these segments is situated just behind the slightly 
dilated chamber of the neural canal which contains the cor» 
respoudingly enlarged end of the nervous axis. The latter is all 
that represents the brain, and the chamber is the skull. 

A (dliated sac placed at 5, in connection with the upper 
surface of the brain, has been considci^id to l)c the olfactory 
organ of this fish, but it is possible the sac may simply represent 
the pineal body; optic nerves (b) are given off to the riidimen- 
tary eyes, and the branches (c) appear to bo analogous in function 
to the fifth pair. But no pituitary body has been recognised, 
and, what is still more singular, there is no trace of auditory 
sacs. A cartilaginous ring, provided with tentacular prolonga- 
tions (/, (/), suiTOUiids the month, and there is a singular 
laanchial sk(deton more like that of an Aseidian than any 
ordinary vertebrate structure ; but neitlier of these structures 
probably have anything to do with the true cranial or facial 
skeleton. 

It will bo observed that this very remarkable skull, if it can 
be properly so called, is not strictly (*omparable to an ari’cst of 
develojuiient of a higher vertebrate skull; the notochord ex- 
tending far beyond the end of the cranium, which it n(*vcr does 
ill any embryonic condition of a higher Vertebrate. 

B. The Cartilaginous Cranium. 

Of this there are three forms: in the first (a) there is no 
mandible ; in the second (h) the mandible is present, and the 
suspensory apparatus by whicli it is connected with the skull 
forms one mass with the latter ; in the third (c) the mandible 
is also present, but the suspensory apparatus by which it is con- 
nected with the skull is freely moveable. 

a. The cartilaginous cranium ivithout a mandible. 

This kind of cartilaginous (Tunium is found only among 
the Marsipohranchii^ or Lampreys and Ifags, and a descrip- 
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tion of its cliarac!tcrs in the former will suffice to illustrate its 
nature. Pig. 75 represents a vertical and longitudinal section 


Fig. 75. 



75. — Vortical and loiigitndiiial section ol' the aiitei-ior part <>f the body ol‘ a Lamprey 
(J\Hroin’i':on marinUif). — Ay the <;raniuni, with its contained bi-aiii ; a, section ot the 
edg(M)t'tli(‘ cartilage marked {( in Fig. Vd ; 01/ y tlie entrance to the olfactory cliamher, 
wliicli is prolonged into tlie ctecal poach, o ; iVt, the pharynx; />V, the branchial 
channel, with the inner ajantiires ot the branchial sacs ; il/, the cavity of the mouth, 
with its horny teeth ; 2, tlie cartilage which supports the tongue; 3, the oral ring. 

of the anterior part of tbe body of the large 8ea Lamprey [Petro- 
rnyzon marimis), and gives a very good notion of tlio excessively 
minute proportions of the proper skull (A) to the rest of the 
body in tliis animoh A and 13 (Fig. TO) are lateral and superior 
views of the skull witli its accessory cartilages, separated from 
the soft parts. The notochord (Ch) is, as in Amphioxus, ex- 
ceedingly large, and is surrounded by a merely membranous 
sheath, from whicli prolongations are given off above to form the 
sides of the small neural canal. Tn the walls of this canal, carti- 
laginous rods, which represent neural arches, are developed, and 
it dilates more distinctly in the head than in Amphioxas, 
though the cranial cavity is still very minute. The myelon 
also undergoes a very distinct enlargement as it enters the 
cavity, and all the typical divisions of the vertebrate ence- 
phalon are recognisable in the brain thus formed. 

The notochord terminates in a point immediately behind 
the pituitary body. As it approaches the cranium, a rod of 
cartilage (?, Lhg. 76, A) is developed on each side« in the lateral 
parts of its sheath, and gives attachment to the branchial 
skeleton {in ) ; still more anteriorly two other cartilaginous flla- 
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nients (Jc) appear, side by side, in the under region of the sheatli. 
These pass into tlie liinder part of tlie proper eraniunb whicli is 
a sort of cartilaginous box, closed in front, and through the 
greater part of its roof, only by inembranc, but complete beliind, 
where it arches over the myelon, and is perforated by the 
ocTupital foramen. The postered at oral parts of this cranium 
are dilated to give rise to the two oval auditory capsules (c), and 
beneath these they are i^roduced into two j)rocesses, h and /, 
which liave a common base, but diverge from one another 
below. The process h gives attachment to a cartilage which is 
connected wa'th that supporting the tongue (/). The ])rocoss/, 
on the other hand, passing downwarrls and forwards, becomes 


^'iL^ 7(3. 



Kig. 70. — A, the skull of a I/araprey viewed from the side; B, from above (after Miiller). 
— o. the ethmo-vomerine plate; 6, the olfactory aipsule ; c, the auditoi-y capsule ; 
d, the neural arches of the spinal column; c*, the palato-pterygoid portioj) ; /, the 
hyomandibular and symplectic portion, and //, the quadrate j^rtion ot the siib-ocular 
aich; //, stylo-hyal process; lingual cartilage; /;, inferioi', lateral prolongation 
of (be cranial cartilage; 1, 2, 3, accessory labial cartilages. 

continuous at with another bar of cartilage e, which is con- 
nected with the antero- lateral part of the skull beneath the 

o 
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olfactory capsule. Tho eye lies over tlie triangular space 
inclosed between the sides of the skull and these two processes, 
so tliat e, < 7 , / may be termed tlie suh-ocular arch. 

If tlie skull is viewed from below, the processes e and e 
of opposite sides arc seen to be continued into one another by a 
transverse band of cartilage, which forms tlie proper anterior 
boiHidary of the skull. Tlie front edge of tin's band, which 
Miiller calls tho '‘ hard palate,’' articulates with the broad and 
expanded cartilaginous plate (a). The common roots of the 
processes / and h are also continued into a " basi-occiiutal ” 
plate of cartilage, but, between this plate and the " hard palate,” 
tliere is an oval space Ihrougli which the neck of the long olfac- 
tory ca 3 cum (o, Fig. 75) passes. This CcEcum, therefore, separates 
the front part of the floQi‘ of the cranial cavity, which is simj)ly 
membranous, from tho so-called " hard palate.” On com- 
paring this skull with that of the embryonic fish (see Fig. 72), h 
obviously answers to the stylo-hyal cartilage; / to the ascending 
l)Ostcrior crus of tho palato-qiiadratc inverted arch and the hyo- 
jnandibular cartilage ; c, to the ascending and anterior crus of 
the same. It is true that no natural division of the arch into 
palato-cpiadratc and liyomandibular (and symplectic) portions 
occurs in the lamprey, but this is only one of several respects in 
which tho 3rarsi])obranc]is resemble Amjphibla rather than osseous 
fislies. The inverted cai’tilaginous arch wliich gives attachment 
to the hyoidean and mandibular apparatuses of a tadpole is 
strictly comparable to tho arch (c, f) in the lamprey. The 
margins of tlui oval space upon tho base of tlie skull answer to 
the divei’gent traheciiJm cranii, and tlie 2 :)late a to the ethmo- 
vomerine cartilage. I'lie remarkable and apparently anoma- 
lous separation of the basis cranii into an uppei* membranous 
and a lower cartilaginous part, by the interposition of the back 
ward jaolongation of the olfactory chamber, seems to me to 
be comparable to that separation of the upper and lo^ver walls 
of the pre-sphenoid, basi-sphenoid, and even of the basi-occipital, 
by a baclvAvard extension of tfle olfactory cavities, which takes 
place in so many of the Mammalia, On the other hand, I doubt 
whether tho accessory buccal cartilages, 1, 2, 3, &c., can be 
strictly compar(‘d with anything in other fislies, though some of 
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tliem are cloul)tless, as Miiller has suggested, the analogues of 
labial cartilages. 

6. The eartilaginous cranium with a mandihle and a fixed 
suspensorium. 

The llolocephali, or Chimfuroid fishes {Cliimwra and Callo- 
rhynchus) present this type of cranial organization. In accord- 
ance with the large development of the brain^ the skull of tliese 
fishes has attained a great advance in dimensions over the spinal 


Fig. 77. 



I'ig. 77. — Skull of Caliorhijjuj/uis A/it((rcfiC!(s (after Miiller). — a, antej'ior tooth of tlie 
upper jaw ; o, posterior tooth ; h, mandibular tooth ; c/, c, g, A, f, A, /, m, accessory 
labial, nasal, and rostial cartilages ; n, quadrate portion of the sub-ocular plate which 
supports the hyoid (o) and the mandible (jl/ii) ; />, the reju-esentativosof branchiostegal 
rays ; q, the branchial arches ; Aii, auditory region ; Or., orbit ; nasal division of 
the fiftli nerve, 

column, and presents a largo internal cIj amber. It is a con- 
tinuous cartilaginous mass, without any superior aperture of suf- 
ficient size to deserve the name of a foiitanelle, in the base of 
whi(‘h the notochord dqcs not persist, and which is definitely 
articidated by two lateral convex facets and a median concave 
surface on the hinder margin of its floor {A, Tig. 78) with the 
anterior segment of the spinal column. 

The skull is high and compressed from side to side ; pos- 
teriorly, it exhibits, on each side, Jin enlargement (Au), which 
lodges the auditory organ. In front of these are the largo 
orbits (Or.), separated by a thin membranous inter-orbital septum 
(I. Or.), which is unlike the inter-orbital septum usually met with, 

o 2 
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ill that it lies aliove, and not below, the forward continuation of 
the cranial cavity (Fig. 78). Usually, an inter-orbital septum is 
formed by the compressed tlooi* of the skull ; here it is constituted 
by the compressed roof. Two chambers for the olfactory sacs 
(N, Na) terminate tlio skull anteriorly and inferiorly ; and they, 
the lips and the anterior })art of the snout, are protected and 
supported by a number of accessory cartilages {d to m). 

Uelow the auditory and orbital regions, and in front of the 
latter as far as the nasal capsules, the base of the skull gives off 
a broad cartilaginous sub-ocular plate (C, D, Uig. 78), the two 

Vig:. 78. 



^ig. 78, — Vortical section of the skull oi' Chun< era inonstro.^ ( without the labial and nasal 
cartilago.s. — .4, the basi-occipilal ivgioii ; the pituitary fossa; jV*, tin* partition 
between the two oifattoiy sacs ; the alveolus for the anterior u})poj‘ jaw tooth ; 
/.Or,, the inter-orbital septum; /?sc, anterior and posterior vortical scniicireiilar 
canals ; /., //., U., ]’///., exits of the olfactory, optic, fifth, and eighth pairs ol 
ceiebral nerves. 

edges of which, slo])ing towards one another, bring it to a point at 
n (Fig. 77 ; D, Fig. 78). With this part of the plate the mandible 
is articulated, while to the middle of its posterior margin 
(D, (7, Fig. 78) the hyoidean apparatus (c, Fig. 77) is attached. 

A vertical section of the skull (Fig. 78) shows that tlie proper 
cranial cavity consists of a large posterior chamber, divided by a 
long and comparatively narrow neck from a much smaller, but 
still large, anterior chamber. The latter contains the olfactory 
lobes, and presents on each side, in front, a sort of cribriform 
]>late, through which the filaments of the olfactory nerve jiass 
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to the nasal sacs. The commencement of the narrow neck is 
{)erforated on eacli side by the optic foramina (IL)- The hinder 
dilatation contains the mass of the brain, and, on each side, 
chambers for the auditory organs, which communicate with it, 
are situated. Tlie posterior edge of the inter-orbital septum 
bounds tliis chamber in front, above the neck.” In front of 
tlie anterior boundary of the inter-orbital septum, and above 
tin; olfactory division of the skull cavity, there is a curious 
chamber filled with fatty matter, and open in front and behind, 
wliich is traversed by the nasal division of the fifth nerve. 

Mlillcr well says, ^‘The skull of Ghimmra is most like that 
of a tadpole ; but if wo interpret the former strictly by the 
latter, as I believe ought to be done, the results will be some- 
what different from those at which Muller arrives. The plate 
U,I) answers precisely to the sub-ocular arch of the lamprey and 
to the corresponding arch in the tadpole's skull, though it is 
cliondrified throughout, and )iot perforated by a large aperture, 
as in the two latter animals. But, admitting this, the further 
develo})ment of the frog proves that the sub-ocular arch answers 
to the common suspensorium of the hyoid and mandible, and to 
the palatine, pterygoid, and cpiadrate lames ; and that it has 
nothing to do with the maxilla or premaxilla. The largo 
j)osterior n 2 >per jaw teeth of the Chimoeroids (c), therefore, being 
attached to the under snrfiice of the anterior part of the sul)- 
oculav plate, must be palatine or palato-pterygoid teeth. The 
small anterior teeth (a), on the other hand, are fitted into lussie, 
or alveoli (J?), which are situated immediately under the floor of 
the nasal chambers, in the vomerine region of the skull, and 
must be regarded as vomerine teeth — as, indecnl, Cuvier sug- 
gested. On the other hand, I think Miiller’s view that tlio 
cartilages ((7, e, &c.) arc accessory labial cartilages, and not, as 
Cuvier supposed, re})resentatives of premaxilhe, maxillm, &c., 
has everything in its favour. 

c. The cariilagmous crariiwn, 'With a mandible and with a 
moveable suspensorium. 

This form of cranium is met with in the sharks and rays, 
and may be illustrated by an account of that of Squatina, the 

* Yergioieheiide Aiiatoiuic der Myxiuuiden. Eiblcr Tiieil, p. lot). 



79 and 80.-— Tlie skull oi Squntina viewed from above (Fif^. 79), and from the side 
(Fig. 80).— < 7 , vomerine region ; ?>, jirefrontak; c, r^Kst-orbital ; J, post-auditory pro- 
cesses ; <?, occipital condyles ; /, occipital %anien ; q, suspeiisorium ; h, upper den- 
tigerous arch; labial cartilages ; J/«, mandible ; auditory chamber; 

oiTbit; N, nrusal chamber; opercular ciirtilaginous lilaments ; Br^ branchiostcgal 
rays; Hy, hyoideau arch. 
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mouk fish (Figs. 79 and 80). The form of tlie skull is hero tlu' 
('xact converse of that ol)served in the Chimgeroids, being exceed- 
ingly broad and depressed, instead of liigh and compressed. 
The surface of the cranium is encrusted with a pavement of 
minute ossicles, arising from the ossification of the superficial 
layer of the cartilage. Behind, the basilar region of the skull 
presents two lateral articular surfaces to the front part of the 
s])inal column, and exhibits the wide lateral expansions for the 
auditory organs (Ate) ; at the sides of the skull, in front of these, 
lie the orbits (Or) bounded behind by the post-orbital processes 
(c), and by the antorbital, or prefrontal, processes (h) anteriorly. 
The latter divide the orbits from the nasal chambers (N), the 
apertures of which look downwards. The prefrontal processes 
are continued, on the inner sides of the nasal chambers, into a 
broad plate, emarginate anteriorly, which t(uininates the floor of 
the skull, and corresponds with the othmo-vomcrine part of the 
cartilaginous skull of the human foetus or of the pike. The 
anterior part of the roof of tlie skull is not direcdly continued 
into the upper surface of the plate, but ends in a deeply concave 
(Klgo ; the vacuity, or fontanelle, is occupied by fibrous tissue in 
the recent state. Small apertures upon the,. roof of the occipital 
region communicate with the auditory cliambers. 'llie upper 
end of a stout prismatic cartilage (ff) is moveably articulated with 
the outer wall of the auditory prominence. The lower end ol* 
this cartilage is united by ligaments behind to the hyoidcan arch 
(ITy), and in front to the ujiper and lower dentigerous arches 
{h and Mn), Each of these arches is composed of two pieces 
united in a median symphysis, and the under suifaccs of the 
outer and posterior ends of the upper arch are articulated with 
the upper surfaces of the outer and posterior ends of the lower 
arch. The upper.arch is, in addition, articulated with tlie under 
surfin^e of the prefrontal region of the skull. Three cartilages 
(i, h, 1), connected together by ligaments, lie outside the denti- 
gerous arclies, two, on each side, being superior, and one inferior. 
Furthermore, cartilaginous filaments (Op) are attached to the 
hinder edge of the prismatic cartilage (d), and to the hyoidean 
arch (Br). ; 

The interpretation of tlie cartilages (?, h 1) has been a matter 
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of much controversy. In a remarkable essay publisbed in tlio 
first volume of tlie ‘‘ Memoires du Museum/' Cuvier proposed to 
consider the upper dentigerous arch (Ji) as the liomologue of the 
palatine and pterygoid bones of osseous fishes, the cartilages 
(i, k) as the premaxilla and maxilla. The suspensoriiim {(j) he 
considered to be the liomologue of the hyomandibular, syinplectic, 
and metapterygoid. The lower dentigerous arch (ilfn) was ob- 
viously the mandible. 

On this latter point all anatomists are agreed ; but, in his 
famous Comparative Anatomy of the Myxinoid Fishes/’ 
Johannes Muller — guided, like Cuvier, by purely anatomical 
considerations, and by what I have elsewhere termed the 
method of gradation — proposed a totally different interpretation 
of the other parts. According to this view, i, Ic, and I are 
merely labial cartilages, and therefore do not represent the pre- 
maxilla and maxilla. Again, Cuvier had greatly relied upon 
the absence of any parts on the inner side of li which could 
answer to palatine or pterygoid elements, in arguing that li 
itself represents them. But Midler adduced his own and 
Ilenle’s observations to prove that in a great many Plagiostomos, 
particularly the Bays, such cartilages, situated on the inner side 
of the upper dentigerous arch, do occur, and thus arrived, by a 
lino of argumentation in’ccisely as legitimate as that of Cuvier, 
at the exactly opposite result, — tliat h represents the preniaxilla 
and maxilla, and not the palatine or pterygoid. 

The fact that these opposing views were entertained by men 
like Cuvier and Miiller is evidence that each had much in its 
fiivour ; but, in truth, neither was free from grave difficulties. 
Tims neither accounted for the articulation of the inaudible 
with the upper dentigerous arch, — a relation into which the 
mandible never enters either with the palatine, or with the 
maxilla, in the vertebrate series ; and as Muller himself is 
forced to admit that some of the cartilages on the inner side 
of the upper dentigerous arch are accessory, why should not all 
be so ? 

This is just one of those cases in which the study of develop- 
ment manifests its full importiince, and decides, at once, problems 
which, without it, might be the subjects of interminable discus- 
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sioiL A comparison of the skull of the monk fish with that of the 
embryonic osseous fish (Fig. 72, C) seems to me to demonstrate 
beyond question, thjit the jipper dentigerous arch (h) corre- 
sponds with the palato-quadrate cartilage of the embryo,* and 
that tlie suspensorium (ff ) equally corresponds with the hyoman- 
dibular and symplectic cartilage.. But in this case Cuvier s view 
of the upper dentigerous arch must be regarded as a singularly 
near approximation to the truth, for it certainly answers to the 
palatine and pterygoid ; though, in addition, it contains the 
representatives of the quadrate and metapterygoid bones of the 
osseous fish. And his opinion regarding the nature of the sus- 
pensorium was still nearer to what I believe to be right. On the- 
other hand, I think it very probable, tliough not certain, that, 
as IMiiller supposed, the cartilages {% h, 1) arc merely labial, and 
that these fishes have no representatives of the premaxilla and 
maxilla. But the so-called palatine and pterygoid cartilages of 
IMuller, if the view I take is correct, are as much accessory parts 
as the spiracular cartilages, and, like them, have no representa- 
tives in osseous fishes. 

* Eaililcc arrived at tliis coucln.sion also, on devolopinontal grounds, in ISSO. Sec 
liis “ Vierter Hcrioht,” quoted in tlio lust Lecture of this "work. 
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ON THE STIUJCTUHE OF THE 8JvULL. 


THE SKULLS OF FISHES AND AMPHIBIA. 


(J. The cranium, consisiing ehiejlij of cartilage and without 
cartilage hones, hut with suj^eradded memhrane holies. 

The slaills of the chondrosteous Ganoids, the Sturgeons, and 
Spatidarim exempli t‘y tliis type of structure, wbieli forms a most 
interesting transitional link between the skull of Plagiostomes 
and the skull of ordinary osseous fishes. 

Spatula via has a completely cartilaginous skull, produced in 
front into a great beak, flattened from above downwards. The 
cartilaginous representatives of, at fewest, seven of the anterio]* 


Fig. 8 1 . 



Kig. 81 . — Side view of the skull of Spatnlaria with the anterior (as’c) and posterior (ps’c’) 
vertical seiuicircular canals exjrosed. — Aw, the auditory chamber; Or, the orbit witli 
the eye ; A, tlie nasal sac ; Hy, the liyoidcan apiiaratus ; /?r, the representatives ot 
the bj-aiichiostogal rays ; Op, the operculum ; Mn, the mandible, 
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vertebnu of the spinal column coalesce into one mass with one 
another and with the skull. The notochord, extremely large in 
tlie spinal column, rapidly diminishes in size as it enters the 
skull, and, becoming a more thread, terminates behind the 
pituitary fossa. The auditory organs are contained in large 
postero-lateral projections of the cranial mass, with the outer 
sides of which the siisponsoria are connected. The base of tl]o 
skull is protected by a long parasphenoid, which extends back 
under the anterior part of the spinal column ; in the dorsal 
region it presents an antorior and a posterior pair of perichon- 
drial ossifications, separated by oblong laminae from lateral bony 
plates of the same character, but the homology of these bones 
with those in tlio roof of the Teleostean skull is not, to my mind, 
satisfactorily made out.* 

The suspensorial ap{)aratus of Spaltdm'ia consists of a single 
bone {A), compressed from above downwards superiorly, and 
from side to side inferiorly, with a superior and an inferior car- 
tilaginous epiphysis ; to the lower cartilaginous epi])hysis tlie 
operculum {Op) is attached, and a short thick prismatic cartilage 
{B) is united by ligament with, and can ])lay freely upon, its 
anterior and inferior angle. Posteriorly the lower end of this 
(‘artilage {B) is connected by ligament with the hyoidean arch 
{Tly), which consists of two ])ortions on each side ; a small upper 
piece, Avith Avhich the fiat bone (Br), representing a branchio- 
stegal ray, is connected ; and a long lower ramus, tlie middle 
third of which is bony, while the two ends are cartilaginous. 

Anteriorly, the lower end of the inferior suspensorial carti- 
lage {B) is united by ligaments to two cartilaginous semi-arches 
(B and Mn)^ of Avhich the ujiper (D) is articulated by a trans- 
versely convex head Avith a concaAdty of the lower (ilfn). The 
upper semi-arch is ligamcntously united to its felloAV in the 
middle line, and is suspended by ligamentous fibres to the under 
part of the prefrontal region of the skull. A long flat bone (E), 
the hinder end of Avhich is cut off in the speciinen figured, lies 
oirthe outer side of the cartilage (D), and extends to the middle 
line. A second long flat bone is closely applied to the inner 

* See Spatul.'irifirum Anatomiam doscripsit Tabulaquc illurtlravit AllK-rtiis 
Wuguer.” 15(^roliiii, ISIS. 
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surfixce of the cartilage and follows its curves, from its hinder to 
its anterior extremity, overlapping and folding ovet the upper 
edge of the anterior three-fifths of the cartilage. Between the 
hinder part of E, here cut away, and D, is a space occupied hy 
the levator muscle of the lower jaw. 

The mandibular cartilage extends to the symphysis, and is 
coated externally, and partially embraced by, the flat bone {Mn), 
the greater part of the upper edge of which bears teeth. 

On comparing these parts with those of the corresponding 
apparatus in the embryonic fish (Fig. 72), it becomes clear that 
the pieces A and B answer to the hyomandibiilar and symplectic, 
taken together. Indeed, at first sight, A, supporting as it does 
the operculum, seems to answer to tlie hyomandibular, and B to 
tlie symplectic itself ; but then it may be suggested that the 
hyoidean apparatus is attached at the distal end of B^ and not 
between it and A, as it would be if the two corresponded, rii- 
spectivcly, to the hyomandibular and symplectic. 

The cartilage B obviously answers to the palato-quadrato 
arch, and that of the lower jaw to Meckel’s cartilage. I’ho fiict 
that a levator muscle of the lower jaw passes between E and 
1) seems to prove the former to coiTes[)ond with a maxilla, ; 
in which case the internal bone would be a sort of palalo- 
pterygoid, similar to that we shall meet with in Le^idosiren. 

The skidl of the Sturgeon (Aceipenser), like that of Spatu- 
laria, is greatly enlarged, posteriorly, by the coalescence with it, 
and with one another, of six or seven of the anterior vertebim. 
in fi'ont, it is prolonged into a triangular snout or beak (c, Fig. 
82 ; a, Fig, 83), the wide base of which is formed by the ajit- 
orbital, or prefrontal, prominences which separate the olfactory 
(‘hambers from the orbits. Behind the latter are the two great 
projections (c, Fig. S3) which contain the auditory organs; and 
behind these again, and separated from them by a deep lateral 
fossa, are two wing-like processes Q), Fig. 82), which are directed 
outwards and obliquely backwards, and proceed, not from the 
'walls of the cranium propei*, but from those of the spinal column, 
where it joins the skull. At this point there is, in the cranio- 
spinal cartilage of both the Sturgeon and the Spaiiilaria, a great 
dilatation of the neural canal, which is closed above only by n 
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menibrauous fontancllc. The skull proper lias no such fonta- 
nelle. There is a well-marked pituitary fossa, and the noto- 
(?liord, very thick in the spinal column, tapers to a thread as it 
enters the base of the skull, and ends behind this fossa. 

The bones which are developed in relation with this cartila- 
ginous cranium in the base of the skull are, — a great parasphe- 
noid which extends back under the coalesced anterior vertebra 3 , 
and forwards to the level of the nasal cavities ; and a slender 
median bone in front of this, which underlies tlie rostral pro- 
longation (e), and appears to represent the vomer. 

No distinct ossifications protect the lateral walls of the skull, 
but the bones marked F (Fig. 82) send down processes for a 
short distance, and the parasphenoid gives off transverse pro- 
longations upwards and outwards, from eaidi side of the middle 
of its lengtJi, as in most fishes. 

The roof of the skull presents a number of distinct flat 
ossifications, no one of which involves the subjacent cartilage's, 
and whi('h vary very much in contour and extent in different 
speciinens. Th6 general arrangemejjt is, however, hiirly repre- 
sojited by tlie accompanying figure (Fig. 82). 


Fig. 82. 



iMg. 82. — The rartilagiiious skull of a Sturgeon, witli tJio oranial }>nnos. 'j'ljo foi-nier is 
sliadod, and is supposed to bo seen through the latter, which are left unshaded. — 
ridge foimed by the spinous processes of the anterior vertebije, wliieh have coalesced 
with one another and with the skull; 6, lateral wing-like processes; c, rostrum ; An, 
position of the auditory oigaiis ; Nu, position of the nasal sacs. 


Of tliose bones, the pairs G, G and D, D clearly represent, 
both ill position and character, the parietal and frontal bones 
of tlie Pike, while F, F similarly corresjiiond with the squamosals 
of that fish. 

In position, again, E answers to the ethmoid, II, II to 
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the prefrontals, G to the post-frontal, B, B to the epiotios, 
and A to the supra- occipital of the Pike. But every one of 
these is a membrane bone, and not, as are the corresponding 
elements of the Pike’s skull, a cartilage bone. 

These bones are therefore, strictly speaking, the analogues, 
and not the homologuos, of the bones to which they appear to 
answer in the Pike, though hitherto no distinction has been 
drawn betw^een tlie two. 

K and /, 1 are bones which do not properly belong to the 
skull, but which, as hajjpens among many Silurpid" Teleostei, 
are anchyloscd with the cranium. K is the most anterior 
of the median dermal scutes, and 1, 1 are the supra-scapula]' 
bones. Tlie letters L, L indicate the scapular bones move- 
ably united with these last. 

T\\q susponsoriuin of the Sturgeon consists of a large, irre- 
gularly-prismatic body, composed of a bony central piece (/, Fig. 
83) witli two cartilaginous epiphyses, the hnvcr of which (ff) is 
mucdi the longer, and is connected by ligament with another 
cylindrical cartilage {h), while the upper articulates mth the outer 
and under part of the auditory capsule. Eather above the letter 
h, the lower cartilage gives attachment to a cartilaginous nodule 
witli which the principal piece of the hyoidean arch is connected. 

At its distal end the cylindrical cartilage (h) is united by 
ligaments to tlie two apparatuses k and Mn, Of these, h may 
be described as a rhoinlxiid, composed partly of cartilage and 
partly of bone, and so bent as to assume a transversely arched 
form. Its outer angles present convex articular facets to con- 
cavities on the lower arch {Mii), which last, composed of a 
single bony ramus on each side, is undoubtedly the mandible. 



Fig. S3. — Side view of ther Oartilaginous cranium of Accipcnscr (after Miillcr). — r/, los- 
Irum ; h, nasal chamber; Or, orbit; c, region of the auditory organ ; /, /b ‘‘‘'I'' 
pnsorium ; A*, maxi llo-palatine apparatus ; yt/n, mandible. 
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The cartilaginous basis of h is strengthened by eight bones, 
four on each side. Of these, two lie altogether external to the 
cartilage, and leave between themselves and it an interspace, in 
which the levator muscle of the lower jaw lies. 

The other pair consist, firstly, of a large bone, which lies, 
for the most part, internal and inferior to the cartilage, and 
extends from the inner side of the articular process for the lower 
jaw, upwards and inwards, to meet its fellow, posteriorly ; for- 
wards, to articulate with the anterior of the external bones. 
And, secoi^lly, of a small bone fitted on to the anterior and 
external edge of this, and to the inferior surface of the anterior 
external bone. The whole apparatus, Z?, is very loosely con- 
nected with the skull, so that it is capable of being protracted 
and retracted with great freedom. 

The general relations of this singular mechanism to the 
manducatory organs of ordinary Teleostean fishes appears to bo 
rendered evident by the same method as that which has been 
employed to demonstrate the nature of the jaws of the Plagio- 
stomes, Tiie osseo-cartilaginous structure, Z;, answers to the 
])alato-quadrate arch of the Sharks and Kays, or to the palato- 
(piadrato cartilage of the embryonic fish ; and /, h corre- 
spond with the undivided suspensorium of the Sharks and Kays, 
and with the liyomandibiilar and syrnplectic cartilages of the 
embryo Teleostean. Furthermore, on comparing h with the 
maxillary apparatus of Simtularia, the cartilaginous basis appears 
to answer to the cartilages (D, D) of that fish joined together ; 
while the anterior outer bone in the Sturgeon is the equivalent 
of the bone E, and may be regarded as a maxilla. The two 
internal bones correspond with the inner bone of the Spatii- 
laria’s jaw. The Sturgeon, however, more nearly approaches 
ordirary fishes in the development of an anterior or palatine 
element, distinct from the posterior or pterygoid element. As 
for the small external bone, which passes oblhjuely from the end 
of tl\e maxilla to the outer surface of the cartilage, it is possibly 
a quadrato-jugal. 

1). The cranium consisting of cartilage^ to a. greater or less 
ertent^ hut vnih cartilage hones as well as membrane hones , — 
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Tho class Pisces presents us with a com 2 ilete series of these 
crania, from the least ossified forins, which possess only one or 
two jmirs of cartilage bones in tho walls of the ci’anium, to the 

Fig. 84. 





84. — Lej)i(losirc>i. A, the parieto-fiontal bone ; 7>, flic siijira-orbitiil ; C, the iiasnl ; 
i), tlie pahito-pterv'Toid ; E\ the vomerine teeth ; E,0., the ex-oeeipita! ; Mn, the 
mainlible; JIi/, the hyoid; 7>V, the bninchiostegal lay ; 0/>^ the opercular plate; x, 
the parasphenoid ; t/, the bone which give.'^ attachment to the scapular arch ; Or, the 
orbit ; Aff^ -the auditory chamber ; N, the nasal sac. 


contpletely ossified skulls of the Oyprinoids and Siluroids. And 
again, just as among the preceding groups we found that tlic 
Chimteroids differed widely from tlie rest in having the sub-oeular 
process, or arch of the skull, to which tlio mandible is attaclied, 
formed of otie piece of cartilage, wliicli is continnons with, and 
iirimoveable upon, tlie skull ; so, in this series, Lej)idosire7b is at 
once distinguished Irom all the rest by a similar character. 

Tlic skull of the Mudfish (Fig. 84) is composed of a frame- 
work of cartilage, which sends down a broad triangular process, 
on each side, to articulate with the mandible, and expands, 
posteriorly and laterally, into chambers for the auditory organs. 
Between these, the roof and the floor of the skull are both con- 
stituted by cartilage ; but anterior to them, as far as tlie ex- 
tremity of the parasplienoid (x)^ this tissue becomes very thin or 
disappears (Fig. 85). In front of the anterior end of the para- 
sphenoid, it makes its appearance again on both the roof and 
the floor of the cranial cavity, beyond which it isf continued 
as a tliin lamella to the end of the snout, A fibrous septum 
with a free concave, posterior margin, divides this region of the 
cranium into two lateral chambers, one for each olfactory lobe. 
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Beliind the auditory chambers the cartilage is almost ex- 
cluded from the walls of the skull by two lateral ossifications 
of its substance — tlie ex-oc{apitals (E.O.). As intlio Ampliihia, 
there is no ossified supra- or basi-occipital. The rest of the lateral 
parietes of the skull would be devoid of bony walls were it not 
that the parasphenoid (:r) and the great bone [A), which roofs 
in the Avliole length of the skull, and answers to the frontals 
and parietals, send upwards and downwards, respectively, lateral 
jwocesses, which unite together, and so rejfiace the alisphonoid 
(Fig. 85). The ethino-vomerine cartilage {Eth. Vo.) bears, supe- 
riorly, the nasal bones (C), and inferiorly it carries tc^eth (FJ). 
A long fiat bone, pointed posteriorly {B, B), is attached to the 
hinder edge of the nasals, and roofs over the orbit and temporal 
fossa. 


85. 



a 


85. — Longituclinn] and vertical section of the Skull of Lepidosireu. The cartilage is 
(lotted; the nienibi’anou.s and bony constituents ar(‘ sliaded witli linos. A, B, Cy Vf 
as in tho ])recediug figure; Xy x, the parasphenoid ; 1, ‘J, the hj’st and second ver- 
tebi’al arches ; Ch, the notochord ; An.y tlie situation of tlie auditory organ. 


The notochord, which forms tlie cliiei' axis of tho spinal 
colnmn of this fish, is continued into the base of the skull, and 
ends in a point about the level of the exit of tlie trigeminal 
lud'ves (F). There is neither basi-occipittil nor basi-sphenoid, 
tind tae presphenoid is represented only by the cartilaginous 
floor at (P./S'). Tho ptcrygo-palatino apparatus is represented, 
on each side, by the great dentigerous curved [date (P), Avhich 
is a])plied to tho inner surface of the cartilaginous sub-ocular 
process, abuts against the parasphenoid by its inner edge, and 
descends to thp inner side of the articular condyle for the 
mandible {a). The liyoidcan arch (J/y) is attached to the 
middle oi’ the post<6rior and inferior edge of the snb-ocnlar 
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cartilage, to tlie posterior ])art of the outer surface of which is 
applied tlio bone {F, Fig. 84) with which the opercular bone 
(Op) is movealdy unitinl by ligament. 

The bone (F) has, like most of the bones of the Lepidosiren, 
a green coloin*. Tlirough the greater part of its length it is so 
easily separated from the cartilage that it is clearly a membrane 
bone. 4'ovvards the condyle, howc^ver, it adheres firmly to, 
though, on the application of a ccrlain force, it springs away 
from, a nodule of whitish bone, wliich lies in the very substance 
of the articular end of the cartilage, and repeats its jnillcy-like 
form. I suspect that this nodule, which represents the os 
quadratum, is primitively distinct from the bone (F). The 
latter, under these circumstances, would have much analogy 
Avith the pre^-opereulum of osseous fishes, and Op would corre- 
spond with the sub- or inter-operculum. 

All other fishes, comprising such Ganoidei as have not been 
already mentioned, and the Teleostei, have, so far as is at present 
known, the palato-qiiadrate arch primitivedy distinct from the 
liyoraandibular suspfuisor ; the latter is, primitively, moveable 
upon the skull ; and, in the walls of the cranium, the ])ro-otic 
bones, at least, are ossified as well as the ex-occi})itals ; that is to 
say, they are constnuded essentially upon the plan of the Pike. 
Tlio modifications they exhibit in detail are almost infinite, but 
a few of the most important may be enumerated : — 

1. The cartilaginous cranium persists throughout life in sucli 
fishes as the Pike and the Salmon ; in very many, as the Percli 
and the Carp, it disappears almost entirely. 

2. In most fishes the basis cranii is compressed from side to 
side i]i the orbital region, and vertically enlarged, so as to form 
an inter-orbital septum, which, as it were, encroaches upon tlic 
eranial cavity and narrows it anteriorly. Put in otliers — sncli 
as the Cyprinoids and the Siluroids — no interorbital septum is 
develo]:)ed, the basis cranii remaining flat, and the cranial cavity 
of ne^rrly equal size throughout. 

3. The last-mentioned fishes have the cranial walls com- 
pletely ocempied by lone, distinct ossificatidns representing tin? 
alisphenoids and orbito-sphenoids. 
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4. The opisthotic bone, occasionally absent as a distinct 

ossification, is very small in some fishes, such as tlie Perch (where 
it is Cuvier’s ^'rocker'' or but becomes very well 

developed in such genera as and attains an immense 

size in the Gadidw. 

5. The canal for the orbital muscles is absent in many fishes, 
such as the Cod tribe. 

G. The most remarkable modification of the fish’s cranium 
proj)cr, however, is the want of symmetry produced in the flat 
fishes, or Pleuroneciidm^ by a sort of twist, vliicli affects the 
anterior and upper, but not the hinder and inferior, part of the 
skull. Thus, if the skull of a 'furbot be examinetl, the supra- 
occipital will be found in its ordinary place ; while the epiotics 
«and squamosals are symmetrically disposed on each side of it, so 
that tlie skull, viewed from beliind, is like that of any other 
ordinary osseous fisli. The basi-oecipital, parasphenoid, and 
vomer are likewise arraiiged, as usual, along the median basal 
axis of the skull. The pro-otics and post-frontals an? also nearly 
symmetrical, but the alisphenoids are thrown over to the left 
side, so that the anterior aperture of the <*ranial cavity, be- 
tween tlie alisphenoids, lies no longer immediately over the 
paras[)]ienoid, but to the left of it. The left IVontal sends down 
a long curved process, which joins with one from the prefrontal 
of the same side, and the two eyes come to lie in the secondary 
orbit, developed between the curved bony boundary thus formed 
and the median frontal crest. 

7. An addition takes place to the posterior extremity of the 
skull, in many fishes, by the aiicliylosis with it, and with one 
another, of a variable number of vortebim. Cartilaginous vertex 
bra), as I have already pointed out, coalesce with the caidila- 
ginous skull in both Aceipenser and Spatularia^ and two or three 
bony vertebra) are anchylosed with the osseous skull in Lepidos- 
tens and Pohjpterus. Whether a similar addition takes place in 
the other living ganoid, Arnuu or not, I cannot, say. In many 
Siluroids a great number of vertebra) become thus anchylosed 
with one another and with the skull. 

8. In both Siluroids and Ganoids, again, an addition to the 
I’oof of the skull is effected by the coalescence therewith of the 
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suprascapular bones, as well as, in some eases, of dorsal dermal 
bones. 

9. But c(u-tain of tlie most strilviug modifications of the physi- 
ognomy of osseous fishes are the result of tlie prolongation of the 
region in front of the orbit, whicdi may bo effected in two very 
difleront ways. For (}xaniple, it is chiefly tlie elongation of tlu^ 
premaxilhe and inaudible which gives rise to the remarkable 
beak of tlie “ sword-fish ” {Xifhias) ; while, in Fistularia, the 
premaxillm and mandible remain very short, but are thrust out 
to a great distance from the orbit, by the production of the nasal 
and vomerine regions, on the one liand, and of the bones of the 
suspensorium on the other. 

10. In such fishes as Sfjnffnathus and Fisiularia, a line join- 
ing the articular socket of the hyomandibular with the condyle 
of the os quadrahm, makes a very acute angle ivith the base oi* 
the skull. In most fishes this angle is more or less acute ; but 
in PohjptemSy and still more in Muroena, it becomes a right or 
an obtuse angle, tln‘ corne.r of the gape being thus thrown 
behind the eye, instead of licing, as in most bony fishes, in front 
of it. Wo shall find a similar rotation of the distal end of the 
suspensorium to take place in the series of tlu^ Amjdiibia, and 
in the passage from the tadpole to tlie adult state of the 
liighest of these animals. 

11. The connection of the palate-quadrate arcade with tla^ 
hyomandibular and symplectic suspensor varies, from the firju 
sutural union which is observed in the Ifike and most osseous 
fishes, to a bond which is hardly closer tluui tlnit Avhich obtains 
in the Ifiagiostomes and Sturgeons, in Fohjpterus, In Lqndos- 
tens, except for the inter- and pre-ojAorculum, the tie between 
the symplectic and the palato-quadrate bones Avould be very 
loose, the palato-quadrate arcade and the suspensor beijig, as it 
Avere, naturally dissected from one another. 

In some Pleciognatlii and Siluroids, on the other liand, all 
these parts become firmly anchylosed together, and with the sid(‘ 
walls of the cranium. 

12. Finally, the multiplication of the bony constituents of 
tlie maxilla and the mandible in Lepidosteus — the conversion of 
the maxilla into a mere support for a tentacle in many Siluroids 
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- — tho absence of branehiostegal rays, and the presence of two 
jugular” plates betwoou the mandibular rami in Folypterus^ 
jnust ndt be overlooked even in this brief eimineration of a few 
of the most salient modifications of the skulls of osseous fishes. 

THE SKULLS OF AMPHimA. 

Ill cranial structure, as in all the other more important 
features of their organization, the Amphilna are closely allied to 
hislies, and widely separated from the abrancliiate Vertehrata* 

As in Fishes, a single imHlian membrane bone, or parasphe- 
uoid, is developed under the base of the skull, wliile no such 
median bone is found in tho higher Verfehrata, Likc^ Lepido- 
Hiren, tho Amphihia have no ossified basi-occipital or supra- 
occipital, whereas all tho abranchiate Veriehraia possess tliose 
bones. 

Again, like Lepidouren and many other Fislies, the A/ap/c/tm 
have no true basi-sphcuoid, developed in tlie cartilage of the 
basis eranii ; Avhile all the abranchiate Vertehrata luivc that bone 
well developed. 

Tho hyoidcau apparatus is, in Amjjhilna^ as in Fishes,* con- 
nected with a suspensorium common to it and the mandibular 
apparatus. In all the higher Vertehrata the hyoidean apparatus, 
if it is attached directly to tho skull at all, is united therewith 
separately and distinctly. 

In all Amphibia which have ossified cx-occipitals, a condyle 
is developed on each, for articulation with the first vertebra of the 
spinal column ; and tho basi-oc(*ipital, remaining unossificd, 
takes no share in tlie formation of these condyles. In all the 
higlicr Vertehrata, on tlie other hand, the bony basi-occipital 
takes a greater or less share in the formation of the occipital 
condyle, or condyles. 

The skull of Amphibia resembles that of the ChimaBroids and 
Lepidosiren, and differs from that of Teleostean, Ganoid, and 
IMagiostome fishes, in the absence of any natural division between 
tho palato-quadrate and suspensorial cartilages. 

*** According to S tannins, however, the hyoidean arch is attached directly and 
indopendontly to tlie slmll in many R^ys. See that author ’s admirable “ Ilandhuch 
d(‘r Anatomie dcr Wirheltliicre,” Erster Buch, p. 4f). 
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Like tlie Carp and the Siluroids, the Ami^fiihia are devoid of 
any inter-orbital septum, the cranial cavity remaining of tolerably 
even size from the occipital foramen to its anterior termination. 
In the Frog (Fig. 86) the skull is roofed in by two long flat 
membrane bones (Pa, Ft), Avhich correspond witli the parietals 
and frontals, and, in fact, each originate in two distinct centres, 


FiV. 8G. 



Fig. 8G. — Skull of Jhma escuhnta. Soon A, froni above ; B, from below ; C, from the 
side (aftei- Dugfes). — x, the parasphenoid ; y, the girdle bone ; the “ temporo- 
rnastoid'' of Diig^s, 

one in front and one behind. In front of tlte.se are two other 
memlirane bones {Na, Na), which have been variously inter- 
preted, but whieli probably answer to the nasals. On the base 
of the skull is the long single parasphenoid (x)^ the liinder part 
of which is produced into two broad lateral processes, whicIi 
underlie the auditory capsules. 

When these membrane bones have been stripped off, a sub- 
jacent cartilaginous cranium becomes apparent, produced behind 
into two lateral enlargements, or tuberosities, for the auditory 
organs, and having certain fontanelles or nnimbranous spaces in 
its upper wall (Fig. 87). In the substance of this cartilaginous 
cranium, posteriorly, are two ossifications, one on each side of 



THE SKULLS OP AMPHIBIA. 


215 


the occipital foramen, 'svhicli nearly meet in the middle line 
above and below. These, the ex-occipitals, bear the condyles 
for articulation with the atlas, and partly shelter the posterior 
portion of the auditory oi*gan. The iront and u])per wall of 
each auditory tuberosity is also largely ossified, the resulting 
bone protecting tlio anterior part of the organ of hearing, and 
being perforated, or notched, for the transmission of the third 
division of the trigeminal. This therefore is, without a question, 
the homologue of the pro-otic bone of the fisli and of Man. 

A fifth ossification of the cartilage is the very singular 
bone (y) which Cuvier termed the os eu ceintiire^ or girdle bone,’’ 
from its encircling the anterior part of the cranial cavity. This 
bone has somewhat the form of a dice-box, with one end divided 
by a longitudinal partition, d'he latter — the front part of the bone 
— extends into the prefrontal pi'occsses in some frogs, protects 
tlio hinder ends of the olfactory sacs, and is ])erforated by the 
nasal division of the fiftli. The median partition therefore must 
answer to some extent to the ethmoidal se])tuin, while the lateral 
parts of the anteri(jr division of the bone correspond with tlie 
prefrontals. On the other hand, the hinder division of the bone 
is an ossification of each w^all of the cranium, in front of the exit 
of the ojfiic nerves ; so that I conceive this part of the l)one 
can only answer to the orbito-sphenoids, united above and below. 
Upon this view of its nature, the girdle bone answers to at least 
five bones, viz., the ethmoid, prefrontals, and orbito-sphenoids. 

No alisphenoid is developed in any Amphibian. There is 
no separate opisthotic in the adult state, and I am not fully 
satisfied as to the existence of any distinct epiotie, though such 
a bone has been affirmed to exist (umUr the name of ‘'mastoid”) 
in the axolotl and the Me^iohnmehiis* 

The anterior part of the ex-occipital, in front of the foramen 
for the eighth nerve, which perforates that bone, probably re- 
presents the opisthotic, as between it and the posterior external 
inargin of the pro-otic is placed the fenestra ovalis^ a stnicture 
not met with in the class Pisces. 

The fainal bones are?, for the most part, readily detenu in able ; 

* Mr. I’ark(3r informs mo that the common Toad lias a thiuVvnjy cnest aiiswer- 
to the epiotie. 



21 () 


ON THE STRUCTURE OF THE SKULL. 


tlius there can bo no doubt about the premaxilloe {Pmx), the 
maxilla (Mx), and the two large-toothed vomers (Fo). The 
position of the posterior nares between the last-named bones and 
the bones {PI) taken in connection with tlie relations of the 
latter to the prefrontal region of the skull, sufficiently defines 
the palatine character of PI; while Pt, connected with the 
palatines on the one hand, and terminating on the inner side of 
the mandibular suspensoriuin on the other, corresponds as dis- 
tinctly with the pterygoids of the higher Vertebrata. 


Fig. 87. 



Fig. 87. — Tlio Cartilaginous Cj'anium of esculcntcu A, from above ; B, irom below 

(after Oiigos). — y, the girdle bone. 

TJie bone {QJ)y which connects the end of the maxilla with 
the outer side of the suspensoriuin, appears to corrovspond with 
the quadrato-jugal of abranchiate Vertebrata, 

It is more difficult to determine the nature of the bone z, 
the ‘Hemporo-mastoid of Dugbs, which is a long, hammer- 
shaped membrane bone, extending from the skull to the articular 
surface for the lower jaw, and sending a long process forwards 
over the temporal region. 

When this bone, the pterygoids, palatine, quadrato-jugal, &c., 
have been removed, the cartilaginous cranium of the Frog (Fig. 
87) is seen to give off from the outer ends of the prefrontal I’egion 
and the auditory protuberances, two prolongations, tlie anterior 
of which curves round the orbit, and eventually unites with the 
posterior in the cartilaginous pro<*.ess which articulates below 
with the mandible, and unites by its upper or cranial end with 
th(3 suspensor of the liyoidean appai atus Fig. 8(1). 
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This arch clearly answers to the snh-ocular *arch of tlie 
Lampreys and to the wSiib-ociihir cartilage of tlie Chimaeroids 
and ' Lepidosiren, and corresponds witli the palato-qnadrate, 
liyomandibnlar, and symplectic cartilages of the embryonic 
osseons fish taken together. The distal end of this cartila- 
ginous pedicle commonly presents a larger or smaller ossilicatioii 
of its substance, which represents the quadrate bone. Now, 
the problematical bone {%) lies on the outer side of the pedicle, 
and I was at one time inclined to think that it represented the 
liyomandibnlar bone of osseous fish — being largely led to that 
impression by the great size of the liyomandibular and the 
comparative minuteness of the quadrate in the Conger and thc^ 
Miiroonoid fishes. But the hyomandibnlar 'is an ossification 
in the cartilage of the suspensoriiim, not a membrane bone. 
Tlie bone has been compared with the tympanic, but tlie 
tympanii* membrane has a special and distinct supporting ring 
in the Frogs. It has been identified, again, with the squamosal, 
but it lies too far down on the outer side of the pedicle for that 
bone. Tracing The changes of form in this bone (which is very 
constant in the Amphibia) downwards to the Menobranclim 
and Siren, its resemblance in these pcrennibranchiates to the 
bone {F) of Lepidosiren becomes very striking ; and I am dis- 
posed to identify it with that bone, whicli, as I have stated 
abov(^ lias much resemblance to the pre-operculum of osseous 
fishes. 

The mandible of Ampdiihia is commonly composcid of three 
pieces — a dentary, an angular, and an articular. Tlio latter, 
always continuous with ]\Ieckers cartilage, may itself I’emain 
persistently cartilaginous. 

The skull of the tad[)ole, before ossification has commenced, 
presents a cartilaginous base, in which the notochord terminates 
in a point, immediately behind the pituitary fossa. At tlie sides, 
the basal cartilage expands into two oval auditory capsules, and 
in front passes into the trabeeulre cranii, ^vhich embrace the 
membranous fioor of the pituitary ibssa, and reunite in the 
broad ethmo-vomeriue cartilage. The apex of a sub-ocular arch, 
connected, behind, with the auditory region of tlie bants cranii, 
and, in front, with the prefrontal region, furnishes an articular 
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surface to the axial, or “ MeckeFs cartilage/’ of the mandible. 
In the young Tadpole, a line drawn from the mandibular articu- 
lation to the auditory capsule makes an acute angle with the 
basis cranii ; but, as age advances, the angle becomes more and 
more open, until, in the adult Frog, it is obtuse (Fig. 8b), the 
articular surface for the mandible having passed far behind the 
auditory caj)siile. Of course the width of the gape increases 
pari passu with this rotation of the mandibular suspensor. 

A survey of the series of the Amphibia from the pereiini- 
branchiates upwards, shows, in a persistent fo]*m, those inclina- 
tions of the suspensor which are transitory in the l^'rog. Thus 
in the perennibranchiate Siren, Siredon, Proteus, and Meno^ 
branchus, the angle is acute ; in the Salamander and Salaman- 
droid Menopoma, it is nearly a right angle ; while, in the Frogs 
and Toads, and the ancient Labyrinthodonts, the angle is 
obtuse. 

In the lower Amphibia there is no girdle bone, the orbito- 
sphonoid and the profrontals being usually represented by 
distinct bones. The frontals are distinct from the parietals, 
and the maxillary and pterygo-palatine arcades become im- 
perfect. 

Some of the Frogs and the Coecilise — the snake-like apodal 
Amphibia — have the cranial bones expanded and anehylosed 
into a sort of shield, presenting apertures only for the orbits 
and the nostrils ; a process whicli is carried still further, by the 
addition of bones not known to existing Amphibia, in the extinct 
salamandroid members of the class, called liabyrinthodonts. 
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ON THE STRUCTURE OF THE SKULL. 

THE SKULLS OF KEPTILLV AKD AYES. 

The skulls of those abraiicliiate Vcrtehrata which do not 
suckle thoir young, and are oviparous, or ovo-viviparous, pre- 
sent certain peculiarities of construction in which they all agree 
witli one another, and differ from the branc^hiate Vertebrata on 
tlic one hand, and from the Mammalia on tlie other. 

Tlius, the basi-occipital and the basi-sphcnoid are always well 
developed, and the former furnishes a large part of the occupital 
condyle, whicli is single and central. 

There is no j)arasphenoid, or median membrane bone, under- 
lying the base of the skull. 

The lower jaw, each ramus of which is composed of several 
pieces, articulates with the quadrate bone, as in the branchiate 
Vertebrata ; but the quadrate bone articulates directly with the 
cranial wall, and is not separated from it by any structure 
representing the hyoinandibuhir bone. 

It may probably be added that the basi-sphenoid is formed by 
the union of three ossifications of cartilage — one supero-median 
and two infero-lateral (the basi-temporals of Mr. Parker) ; but 
furtlier research is required before this generalization can be 
regarded as firmly established.* 

The caution expressed in the text seems to be no longer necessary, as my 
triend Mr. Parker, who possesses a remarkably extensive knowledge of the details 
of the structure and development of the vertebrate crajiium, informs me that he has 
now found “the median basi-sphenoid and the symmetri<3al basi-temporals in 
Ophidians, Anguians, Scincoids, Iguanians, Geckos, Chama3lcons, Cyclodonts, Lacei- 
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The comljiuatioii of peculiarities just mentioned at once cha- 
racterises the skulls of liirds and Keptilcs, and distinguishes 
them from all otliers. 

In all these animals, the basi-occipital bone gives attach- 
ment to a pair of ex-occipitals, which articulate, above, with 
a distinct supra-occipital. Tlio homology of those bones with 
those wliicli have received similar names in the Man’s and in the 
Pike s skull is not doubted ; and, indeed, their relations to one 
anotlier, and to the exits of the eighth pair, are so similar as to 
allow of no discussion on this point. 

Furthermore, the skulls of all Keptiles and Birds are roofed 
in by membrane bones, the correspondence of wliich with the 
parietals and froritals of Jlan is universally admitted ; and, in 
all, there is a single or a double vomer, clearly identifiable with 
that of the Man and that of the Fish. So, again, there is no 
doubt about tlie homology of the premaxilhe and the maxilhe, 
the palatine and the pterygoid bones with the ])arts so named 
in Man. Nor is it questioned that the mandible and the hyoi- 
dean arches. In a general way, correspond with his. But there 
lias been, and is, very groat divergence of opinion as to the true 
nature of certain bones in the side walls of the skull, and of 
some of those whicli enter into the composition of the maxillary 
ap])aratus. 1 shall addi’oss myself chiefly to the discussion of 
these debatable ossifications. 

The bone of most importance among these (the misinterpre- 
tation of which must needs, indited, completely vitiate and 
render woidhless any theory of the vertebrate skull) is that 
wliich lies in tlie side wall of the cranium, in front of the ex- 
occipital ; while it is connected below with the basi-sphenoid, 
and above with the supra-occipital and parietal. In all Birds 


tians, Monitors, Oholonians, Crocodiles, and in all kinds of Birds.” Mr. Parktir 
agrees with my suggestion (suprk, p. 170), tliat tho basi-teniporaJsof the Sawvpsuht 
(or Birds and R<'.ptiles) are the homologucs of tlie tiugnlm Kphenoidales^ of Man. H‘‘ 
has found similar bones in nuiiKTous Mammals, and they arc of especially larg<'. size 
ill the Mole and in the Shrew. He infomis me that tlie Sheep has no bony centre 
for the Uvsi-sphenoid, the al is] jhenouls meeting in the middle line. Nevertheless 
its liitijidw arc well developed at the eomnionccinent of the last third of intra- 
uterine lif(\ 
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and Reptiles the relations of this bone are essentially such as are 
shown in the accompanying figures of sections of the skulls of 
an Ostrich, a Crocodile, and a Turtle (Fig. S(S, A, B, C). In all 
these it will be observed, that the aperture for the exit of the 
third division of the trigeminal ( F) lies in front of a bone, which 
is notched, or perforated, by apertures for the portio dura and 
portio mollis^ and that the anterior part of the organ of hearing 
is lodged within this bone. Furthermore, an external view of 
this region of the skull (h^ig. 89, A and B) shows tliat the bone 
in question contributes, in each case, the anterior half of the 
boundary of the fenestra ovalis. In otlier words, the bone in 
question has every essential relation of that ossification which, 
in Man and in the Pike, I have termed pro-otic,"^ 

The other elements of the poriotie capsule arc not far to 
seek. In the Turtle one of them retains its independence 
throughout life, and occupies a considerable space on the exterior 
of the skull, though, internally, only a small strip of it is seen in 
front of the foramen for the eighth pair (Fig. 88, C). This bone 
furnishes tlie posterior half of the frame for tlie fenestra ovalis, 
with so much of tliat of the fenestra rotunda as is osseous, and it 
lodges the posterior and outer ])art of the auditory organ. It 
answers precisely, therefore, to the opisthotie.'\ 

The corresponding ossification in most other Reptiles and in 
Birds early coalesces with the ex-occipital. 

Tlie third periotic bone, the epiotic, does not remain distinct 
throughout life in any Reptile or Bird, and its place appears to 
be taken by a triangular process of the supra-occipital, whicli 

* This Ls tlie bone called by Cuvier “ roeber,” and regarded by him and by 
most of the German ariatomi«ts as the homologne of \he -pars petrom of the linmaii 
temporal bone. I took the same view myself 'when I delivered the Ci'oonian 
Lecture in 1858, and I do not now mhstantially depart from it. For that part of 
the par*} petrosa which is most obvious and visible in the interior of the skull is ils 
pro-otic portion ; and so long as the complex nature of the pars petrosa was un- 
known, the identification of the bone Fr.O in the Bird and Reptile with the petrosal 
of the Mammal was the nearest approximation that could be made to the truth. 
Cnvier’s identification would have been absolutely correct if he had termed the 
ornithic and reptilian bone not “petrosal,” but “anterior part of the petrosal.” 

t Cuvier termed this bone tlie occipital externeF Hallmann regarded it as the 
equivalent of the “mastoid,” and I followed him in my Croonian Lecture. In the 
absence of a full knowledge of the development of the human pars petrosa, it was 
diflienlt, if not impossible, to see one’s way to any beiler conclnsion. 
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shelters the summits of tlie vertical semicircular canals. But 
the study of development has shown that this part of the snpra- 
occipital is, in many, if not all, Reptiles and Birds, developed from 


Fig. 89. 
A 



f.r. 


view of the auditory region of tlie skull in (A) a Crocodile ( C. hiporcatus)^ 
a^iid (B) a I urtle [Chelone midas). The walls of the tympanic cavity have been cut 
away in each case so far as is necessary to show the auditory fenestnc ; and, in the 
ui'tle s skill 1^, the semicircular canals are also partially displayed. In the Crocodile’s 
hai 1 (^A) F.O, is the fenestra ovalis^ separated by the cochlear process of the opis- 
the /fVtc’s'^ra rotunda; Chi is the liook tonned by the curved proces-s 
o the opisthotic, wliich supports the cochlea externally. The lower eiul of the 
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a separate centre^ wbicli subsequently walesce§ witli the supra- 
occipital; so that, just as the opisthotic in these animals ordi- 
narily coale‘Sces with the ex-occipital, the epfbtic anchyloses with 
the supra-occi])ital. 

In many lleptiles, though two of the three periotic bones 
coalesce with their neighbours, the suture between the three 
persists on the inner surface of the skull, and is always shaped 
like a Y (Fig. 88, F) ; the stem of the Y answering to that part 
of the suture which sepai’ates the }>ro-otic from the o})isthotic 
ossifications, while the diverging branches of the Y correspond 
with the suture between the opiotic and pro-otic in fiont, and 
that between the epiotic and opisthotic behind. In the Turtle 
an intcrspa(*e filled witli cartilage takes the place of the stem of 
the Y (Fig. 88, C). 

In the adult Crocodile the epiotic is united with the supra- 
occipital, and the opisthotic with the ex-occipital ; but that 
process of the oj)isthotic (c, Fig. Sb, A) which sepnrates the 
fenestra ovalis from \\\a fenestra rotunda (the anterior and inner 
edge of whi(h, only, is completed by bone) wlicrc it meets the 
pro-otic below^ and anteriorly (at d, Fig. 89, A), sends down- 
wards and backwards a ])rocess, which curves round the cochlea, 
and, exj)anding to a broad plat(% adjusts itself by harmonia (at h) 
to the outer and hnver edge of the opisthotic, and to ]>art of tlie 
j)Osterior edge of the pro-otic. The anterior and inferior angle 
of the broad plate is thicker than the rest, and is seen in the 
interior of tlie dry skull, at the bottom of the stinn of the Y- 
shaped suture (*, Fig. 88, B). If, as has been remarked, this 
])art of the curved cochlear plate of the opistliotic be pressed 


oodilea vests in tlie fossa a, loriiied by the !)asi-spheiioid and basi-oocipital. The upper 
end, bounded externally only by caitiJage, lias disappeared in the dry skull and, vvifh 
it, the outer lijj of the/iwsfm rotunda^ the plane o? which is horizontal, and neailyon 
the level of the dotted line leading from OpJ) in the figure, d is a small process of 
the pro-otie, against whicli the bend of tlie curved cochlear process (h) rests. The 
dotted line from b indiciites the position of the suture between the hinder end of that 
|)roces$ and the remaindcT of the opisthotic bone. Ca, the carotid canal; the 
u])per opening of the jiostoi’ior of the two canals by w hieli each tyinpannra eommniii- 
cates with the common l^lustacliian tube. The narrow anterior tympanic canal opens 
just in front of (Ja, the cleft-like aperture being traversed by the dotted line from iL 
in the Turtle’s skull (B) Op.O is a distinct bone from and sends down a process 

lietween/.o., \\\e fenedra ovalLs, and/.r., the fenestra rotunday which terminates in no 
recurrent hook, but otherwise corresponds exactly with the cochlear process (e) in th«' 

( h'ocodile. 
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ni^on with a it gives way ; -but this is not because it is 

merely suturally»connectcd witb the periotip bones> m has been 
supposed, but becapsfe tlie lamina of bone by which the cochlear 
plate is fixed to the opisthotic is very thin and elastic. 

Among the many singular speculations which the historian 
of the theory of the skull will have to record, perhaps the 
strangest is that which identities this coclilear loop, imagined 
to be a distinct bone, with the entire petrosal ’’ bone of the 
3IammaluL 

In Birds, the three periotic bones anchylose with one anotlier, 
as well as with the adjacent siipra-occipital and ex-occipital, so 
completely, that even tlie Y-shaped suture becomes obliterated 
(Fig, 88, A). 


The determination of the liomologues of the periotic bones 
in the skulls of Birds and Bcptiles, and more especially of the 
pro-otic, is not only a matter of linst-rate importance in itself, 


Fig. *J0. 
A 
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l ig. 90. — A, a vertical ajid longitudinal section of the skull of a Lizard [Cfjcbdus). B, a 
similai’ section of tlie skull of a >Snake {Python). t» membranous space in the roof 
of the Lizard’s skull ; ossifications in the iriternasal cartilage; Co, the cohmiella 
of the Lizard ; Cm, the bone also called “ rolurnrlla,’* which corresjxinds with the 
sta]:>es. 
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blit it involves that of certain other bones of tho side walls of the 
skull. 

In the Ghelonia, and in inaiiy Lizards, the lateral walls of 
the cranium, between the pro-otics and the prefrontals, are 
entirely occupied by cartilage, or by membrane. In the dry 
skull of the Turtle (Fig. 88, C) it is true that there is an ap- 
parent bony wall in front of tlie pro-otic, but this is only a 
process sent down from the parietal, wliieli becomes connected 
with the pterygoid, and with a small, distind lamella of bone. 

In Lizards a distinct, rod-like bone (Co, Fig. 90, A, and 
Fig. 91), occupies a corresponding position, articulating above 
with the parietal, and below -with the pterygoid, and receives 
the name of the columella. 



Cig. 91. — Tiio intor-orbiCil septum of a Lizard ( Iguana). IS, the anterior prolongation 
ov beak of the basi-sphenoid ; tlio inferior median ossification; b, the superior ])aii(‘d 
ossification of the left side of the inter-orbital septum ; Co, the columella. 

In hotli (dieloiiians and Lizards the Itasi-cranial axis is 
laterally ('ompress(‘d in the presplienoidal region, and is con- 
verted into a verti<"al iuter-orhital st^ptnm, as in the Pike. la 
the Chclouians, neither the septnm, nor the membranous, ov 
cartihigiiioiis, alisplienoidal and orbito-s])henoidal regions con- 
nected with it, present any ossifi(*ations, but, in many Lizards, 
delicate laminte of bone are developed in this region. In the 
Iguana tuhereulata, for example (Fig. 91), the inter-orhitb! 
septum is supported below by the prolonged beak of the basi- 
sphenoid. Above this, it presents a long median presphenoitlal 
ossification (a) forked posteriorly. The forks are eonneded 
with two bones, one on each side (t), which appear to represent 
orbito-sphenoids. 
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The Crocodiles, on the other hand, possess a large and 
distinct lateral ossilication in front of each pro-otic (A S, Fig, 
8(S, B). This ossification bounds the foramen for the third 
division of the fifth nerve in front, and nnites with the basi- 
sphenoid below and witli the parietal above, so far agreeing 
with the alisplienoid. Since it extends so much fiirtlier forward 
than the alisphenoid ordinarily does, Cuvier lias suggested 
that it probaldy rei)resents both the ali- and the orbito- 
splienoids ; but Stannins has pointed out the existence of two 
small ossifications close to the optic foramina, with an in- 
significant descending median stian at tlieir bases. Tlie former 
lie considers to be the orbito-splnnioids and the latter the 
presphenoid. 

In these Reptiles, in the LaceHiJia and in thci Chclonia, the 
hms crami, as has been already stated, is modified anteriorly 
into an inter-orbital septum, as in the Ifike ; but in flic OjMdm, 
the Cyjainoid, or Batrachian, type of skull reappears, and the 
cavity of tlie cranium is continued without any sudden narrow- 
ing, from above downwards, from its posterior to its anterior 
end. In the Ophidian skull (Fig. 90, B) the side walls of the 
cranium, in front of the pro-otics, are completely closed in 
by bones, which might readily be taken for alispbenoids and 
oi bito-sphcnoids ; but, according to Rathke, they aj*o merely 
downward growths of the parietals and frontals, and therefore 
can have nothing to do with the true lateral cranial elements. 

Tlie anterior part of the basis cranii in Birds is always 
vertically elongated into an inter-orbital septum, as in the Groeo 
(lilia^ Laceriilia, and Cheloma, In the Ostrich (Fig. 88, A) the 
pricsphenoid is completely ossified, but, in other members of 
the class, the nature and extent of the presplionoidal ossifications 
may vary greatly. The alisphenoid is always well ossified, and 
occupies its cliaracderistic position in front of the pi’o-otic^ and of 
the exit of the third division of the trigeminal nerve (Fig. 
88, A). The ozhito -sphenoids, on the other .hand, may or 
may not be rejiresented by bone. In the Ostrich they are 
present, and are continuous with the presphenoid. 

Reptiles possess prefrontal and post-frontal bones, which 
usually remain distinct throughout life, and are admitted to 

Q 2 
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be homologous with tliose of Fishes, and therefore the line of 
argument wliicli identified the prefrontals of the Pike with 
the lateral masses of the ethmoid in the ]\Tan is equally 
applicable to the same bones in Eeptiles. In Bird><^, the post- 
froiitals have only a doubtful and exceptional distinctness, and 
in them the true prefrontals seem early to coalesce with the 
ethmoid. The last-mentioned cranial element is usually ossified 
a]id appears upon the upj)er surface of the skull, in Birds ; 
while, in Reptilia^ it almost always remains cartilaginous. In 
the extinct Dicynodon, how^over, it and the presphenoidal region 
were completely ossified. 

In Birds, in consequence of the prolongation of the snout 


Fig. 02. 

A 

Fn 



Fig. 92. — Lateral views of the skulls of (A) an Ostrich, (B) a Crocodile, and (C) a Python, 
without tiie mandible. In the Python's skull the maxilla has also been removed. 'Hy 
turbinal bone of the Ophidian. 



THE SKULLS OF REPTILTA AND AYES, 


229 


into a beak^ the iiiternasal part of the bashfacial axis acquires 
a cousiderablo size, and becomes the subject of a great variety 
of ossifications, which, in many Birds, arc so arranged as to 
allow the anterior part of tlie cranio-facial axis to be moveable on 
its posterior part. In maiiy Lizards, on the otlier iiand, the an- 
terior part of the craniuni is rendered moveable upon the pos- 
terior in another way. The cranio-facial axis in front of tlie basi- 
s})henoid is cartilaginous, and consequently sliglitly flexible, 
while tlie roof of the skull between the paiietals, the supra- 
o(*cipital and the periotic bones is merely membranous (f, Big. 
90, A) ; hence, the front part of the skull is capable of being 
slightly raised or depj-esscd, in a vertical plane, upon the 
posterior jiaid. 

Next to the pro-oti(‘, the squamosal and the quadrate bones 
o(* Birds and Beptiles luave been the subject of the greatest 
amount of controversy among morphologists. 

The bone which was originally called quadrahun 
is that moveable facial bone of the Bird {Q/u, l.^'ig. 92, A) which 
is articulated, above, with the outer side of the periotic capsule, 
and especially with the jiro-otic bone, and below with the 
os articidare of the mandible, while, intcuiially and anteriorly, it 
is connected with the pterygoid. In the CrocodiUa (Fig. 92, B) 
and Chelonia, a bone, admitted by all to be the homologiie of 
this, is attached iinmoveably in tlie same region : in most 
LacertiUa (Fig. 9M) it is moveable, and remains connected 
with the pioduced extremity of the pro-otic bone ; but, in most 
Ojdiidui (Fig. 92, C) its proximal end is thrust out from the 
skull upon the extremity of another bone. However, its 
homology with the quadrate of the .Ihrd is not affecicd by this 
circumstance. 

With what bone in the human skull does this correspond? 
Cuvier identified it with the tympanic of Man, and his interpre- 
tation has been generally accepted ; but the tympanic is always 
a membrane bone, wdiereas this is always a cartilage bone. The 
tyrnjianic directly supports the tympanic membrane, while this 
bone sometimes gives no direct attachment to the tympanic 
membrane at all. The tympanic of Mammals again becomes 
smallest in thosi^ Mammalia which most nearly approach Birds 
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and Reptiles, and is never known to articulate, by a moveable 
joint, with the malleus, which, as we have seen, is the repre- 
sentative of the os articulare of tlie mandible of the lower 
Vertehraia. 

It is impossible, therefore, that the quadrate bone should be 
the homologne of the tympanic of Mammalia. On the other 
hand, it corj-esponds altogether with the quadrate bone of 
Fishes, which is united in like manner with the pterygoid 
ai’cade, and is similarly connected by a moveable joint with the 
articular piece of the mandible; and tliis quadrate bone of 
Fishes is, I have endeavoured to show, the homologue of the 
incus of the Mammalia. I make no question that, as Reichert 
long ago asserted, the Bird’s os <iuadrai'mn and, therefore, that 
of tlie R(q)ti]e, is the equivalent of the l\fainmalian incus. 

It is diflicult to understand how any doubt can be enter- 
tained as to the bone which is the homologue of the Mammalian 
squamosal in Birds. Lying above the tympanic cavity, between 
the parietal, frontal, and periotic bones, is a membrane bone 
{Sq, Fig. 92, xV) which corresponds with the Mammalian squa- 
mosnl, and with no other bone in tlie Slainmalian skull. 

But if this bo the Bird’s squamosal, there is no diilicnlty in 
determining tliat of any Reptile, the Crocodilia, Laceriilia, 
Chelonia, and Opliidia all presenting a bone in a similar 
position. It is this bone which, in most Oqjhulia (Fig. 92, C), 

Fig. 



carries the quadratum as on a lever ; but, as Rathke has well 
shown, the final position of the quadratum is a result of develop- 
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mental modification, the proximal end of that bone being 
originally in Ojyhidia, as in other Keptiles, applied to the 
periotic capsule. 

Tlie palato-maxillary apparatus presents a considerable 
diversity of structure in Reptiles and Birds. In all Birds, and in 
most Reptiles, the pterygoid -and the quadrate bones are more or 
less closely connected, but in the Croc()dil(3s and Chammleons 
tluiy are separated. In Oro(XfdiIes and Gkelonia^ and in the 
extinct Flesioscmria, the quadrate bone is immovcably united 
with the skull, and the other facial bones are lirmly and fixedly 
united with one another and with the cranium. In most Birds 
and Lacertilia, on the (‘ontrary, the quadratt) bone is movcably 



t ig. 94. — Yiew.s oF one halFo(“t.ho pilatine surfact' nf tho skull of, A, a Li/.anI (^Cyclodus), 
and B, a Turtle (Chelotie niidas), A\ the pu.^terior nasnl aperture. 

articulated with the skull, and its motion may btt communicated 
by the pterygoid, tho quadrato-jugal and the jugal bones to the 
for(3~part of the face. This mobility reaches its maximum, on 
the one hand, in such birds as the Parrots, in which the beak 
and fore-part of the basi-facial axis are united l>y a sort of hinge 
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with the rest of tlie skull ; and, on the other, in the Serpents, 
in which, as has been already stated, the quadrate bone is 
slutted to the end of ilio squamosal, and tlie palatine, pterygoid, 
and maxillary bones are bound only by ligaments to the skull, 
so that tlie utmost possible amount of play is allowed to the 
bones wlii(di surround the mouth. 

In many Riqjtiles a bone makes its apjiearance which cannot, 
at present, bo identified with any bone of Fishes or of Mam- 
mals. Tins is the transverse bone of Cuvier (Tv), which unites 
together the maxilla vrith the ])a]atine and the pterygoid. 

liomarkable dillerences are noticeable in the degree to which 
the j)remaxilla is dciveloped in the various orders of Reptiles 
and in IJirds. In the Snakes it is very small, or rudimentary; 
in the Lacertilia, Chelonia, aiul CrocodiJia it has a moderate 
size; while in the extimfi; IcMlnjosauriay and still more in Birds, 
the premaxilla attains vast dimensions, completely surpassing 
the maxillary ehmient, which in Birds is naluced to a mere bar 
of bone, connected by similar slender rods, which I’opresent the 
jugal and quadrato-jugal, wa'ththe outer part of the distal end of 
the (juadT'ato l)on(\ 

In the Ojdiidia, m(.)st Laeertilia, and Birds, the nasal sacs open 
below and behind into the cavity of tlie mouth, by apertures 
placed between the vomer and ]>alatine bones, A\diich correspond 
with wliat I liave termed the median nares ” in ]\ran ; or there 
is, at most, an indication of a separation between the oral cavity 
and the nasal passage, produced by the sending downwards and 
inw'ards of a process by the maxillary and palatine bones on 
each side. But, in the Crocodilia (Fig. 95, B), not only the 
maxillary and palatine bones, as in Man, but the pterygoid bones, 
in axldition, send such prolongations downwards and inwards ; 
and these, meeting in the median line, shut off from the cavity 
of the mouth a nasal passage, Avlii(di opens into the fences by the 
posterior nares {N\ Fig. 95). The arrangement of the pafetine 
bones is such that, in most Crocodilia^ the vomers are com- 
pletely excluded from the roof of the mouth. 

When a tympanic cavity exists in the branchiate Vertehrata, 
it is little more than a diverticulum of the buccal cavity, con- 
nected by so w ide an aperture with the latter, that an Eustachian 
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tube can hardly be said to exist. In the OjMdia and in certain 
Lacertilia tlie tym])anic caviticvS and Eiistacluan tubes are alto- 
gether absent, and, even in tlio liigher Lacertilia^ the tympanum 
can hardly be said to have definite bony >\'alls. In the Olielonia, 


Fig. 95. 

A i;' (; 



Fig. 9.5, — Views of one luilf of tl)e j):iI'atinG surface of tlie skull in (A) an Ostrich. (B) a 
Oi-ocodile, (Cj a Python. N, the po.-.t.crior nasal aperture ( iiedian tiares of Man) in 
tl Bird. The dotted line trav(‘r.ses tlie poste ' asal M’tiir<s situalcd between 
tl palatine, the vomer, and the maxillary, 'I’he responding optuiing is placed la*- 
tv een Vo and JH in the hjakc. the jiosterior i isal apertui e, or postoi’ior nai’cs, 

of the Ci'ocodile. 


on the other hand, the opisthotic and tlic pro-otic*, bones are 
})roduced outwards so as to form tlie anterior and posterior 
boundaries of a cavity, the antivestibulum BoJani—^yhic]l is 
bounded externally by the great quadrate bone. Idie latter is 
funnel-shaped, and deeply notched posteriorly and infermrly. 
Tlie tympanic membrane is fixed to the margins of tlie funnel, 
and the so-called columella,'' which answers to the stapes, is 
fastened by one end to this tympanic* membrane, and tra- 
versing the notch and entering the antivestibulum, passes to its 
other insertion into the membrane of the fenestra ovalis, Tlie 
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Eustachian tubes have separate openings into tJie pliaryngeal 
cavity, and curve upwards and baclcAvards from the latter round 
the iiifcrior and posterior edges of the quadrate bones to open 
into the tym])ana. 

In Birds the tympanic cavity is roofed over by tlio squa- 
mosal, while a more or less complete floor is furnished to it by 
the basi-s])henoid, and a back Avail by the produced ex-occijntal 
(and opisthotic ?). It may be com])lcted in front by fibro- 
cartilage or even by bone, and the 'inemhrana tyinpani is fastened 
to the outer jnargin of these boundaries of the tyinpaimm and 
not to the quadrate bone. 

The Eustachian passages ordinarily traverse the basi-sphenoid, 
and when they reach the base of the skull unite into a single, 
cartilaginous, common Eustachian tube, Avhich opens in the 
middle lino, on tin* roof of the mouth. 


KiC. 9<;. 



Fig. 9G. — V( rticiil aud ti'ausvcMsc sections of the left tympanio cavity of f^rocodllns bipof' 
cxctiia. A, posterio)*, U, anterior segment ; a, brislJe f)asse(i into the small lateral 
Eustach in passage leading from 6, the posterior tympanic passage, which opens ini'’ 
n, the conimon fhistachian passage; d, n bristle thrust into tin.* nir-paswtge which 
traverses the supra-occipital ; /, bristle passed into tlie anterior tympanic passage; 
Cn,Ca\ carotid canal; Ci\ fossa for the e.\t)‘eniity of the cochlea; Tniy inner divisiea 
of the tymjjanic cavity. 
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In the Crocodilia tlie tympanic cavities and Eustacliian 
passages are still more remarkably disposed. 

The tympanic cavity of Grocodilus hii:^orcatiis (Fig. 83, A ; 
Fig. 90) is distinguishable into an inmn- and an outer part. 
The latter is bounded by the squamosal bone, above and behind, 
by the quadrate bone, below and in front. Into the former the 
supra-occii)ital enters, above; the quadrate, and, to a sliglit 
extent, the basi-occipital and basi-splienoid below. To tlie 
posterior wall of the inner division, that outward and backward 
prolongation of the ex-occipital, which answers to the ojustliotic 
of the turtle, contributes, while the front wall is formed partly 
by the quadrate and partly by the pro-otic bones. 

Externally the tympanum opens by tlie external auditory 
meatus — its internal wall is formed chicHy by the pro-otic, 
opistliotic, and epiotic. The two latter are, as I have already 
stated, aiichylosed, respectively, with the ex-occipital and the 
supra-oeeipital. 

Each tymiianic cavity communicates with its fellow of the 
opposite side, superiorly, by a ^vide passage, which perforat(}s 
the supra-occipital bone and has a secondary diverticulum 
traversing tlie ex-oc(*ipital. ]>elow, the tym].)ana coimnunicate 
with one another indirectly, by means of the common median 
Eustachian tube, the aperture of wliich, formed, half by the basi- 
sphenoid and half by the basi-occipital, is seen on the base of the 
skull behind the posterior nares (c). Each tympanum communi- 
cates with the common Eustachian tube by two passages : one, 
wide, from the posterior and inferior part of the tympanum (/>) ; 
and one, very narrow, from its anterior and inferior region (/). 

The two exits are separated by that j)art of tlie floor of the 
tympanum which is formed by the basi-sphenoid and basi- 
occipital. This presents, behind, a hemispherical fossa {Cl) into 
which both the basi-sphenoid and basi-occipital enter, and, in 
front, a round aperture with raised edges, situated altogether 
in the basi-sphenoid {C% The fossa lodges the distal blind end 
of the cochlea. The aperture leads into a canal, which, passing 

* These were first carefully described by Trofessor Owen in a memoir })nb]is]iod 
ill the rhiloso^)h‘cal Tramactiom for 1850. Windischmaim, “ Do Penitiori anris in 
Amphibiis 8trictura ” (1831,, has given but a very imperfect account of them. 



236 


ON THE STRUCTURE OF THE SKUfJ.. 


downwards and forwards in the basi-sj)henoid, opens into the 
pituitary fossa, and lodges tlie internal carotid. 

The upper a])(u*ture of the anterior, narrow, j)assage from 
the tympanum ( /) is situated in front of the li]) of the carotid 
canal, and, at first, lies between the basi-sphenoid and the pro- 
otic ; but, soon turning inwards, it enters the basi-sphenoid, 
and passes beneath the carotid canal, to open into a much wider 
median channel. The latter ends blindly in front and above, 
behind and below the pituitary fossa ; but, inferiorly, it travej*ses 
the substance of tlie basi-sphenoid, to open into the upper and 
front part of the (‘oinmon Eustachian tube (Eig. »h>, H). 

The posterior, wide, passage (t) leads downwards and iiiNvards 
through tlio substance of the basi-ocinpital, and the two passages 
of the op[)Osito tympana unite to form a short median canal, 
which opens, on the front face of the ba si- occipital, into the 
common Eustachian tube (Eig. 96, A). 

The posterior tympanic passage has, however, another means 
of communication with the exterior ; for, just before it joins 
with its felloW', it gives off, dowinvards, a narrow canal, which 
traverses the liasi-occipital, and o])ons on its inferior face to the 
outer side of, and a little beliind, the aperture of tlie common 
Eustachian tube (n, Eig. 96, A). There might, then, be said to 
be three Eustacliian tubes in the Crocodile, — tw'o small and 
lateral, one for each tympanum, and one large and median, 
common to both tympana. 

Where the posterior tympanic passage passes into the tym- 
panum, the ex-occipital }>resents a round aperture Avith raised 
ed ges, which is the anterior termination of the posterior division 
of the canal for the internal carotid ((7', Eig. 96, 1>). In the in- 
terval between this aperture of entrance and that of exit already 
descu'ibed, the internal carotid is unprotected by bone, and is 
closely adherent to the outer surface of the cochlea ; whicli, held 
by the cochlear hook already described, rests inferiorly upon the 
fossa afforded by the basi-sj)henoid and basi-occipital {Cl), 

The posterior Avail of the tympanum also exhibits, internally, 
the aperture by Avliich the eighth pair of nerves reaches the 
exterior ; externally, those by Avhich the portio dura leaves, and 
the external carotid enters; superiorly, between the supra- 



THE SKULLS OF REPTILIA AND AVES. 


237 


occipital and tlie squamosal, is a cleft which leads to the occipital 
surfa(‘e in the dry skull. 

The early stages of the development of the skull of a Bird 
have already been described. The proccvss of formation of the 
Koptilian skull has been admirably worked out by Ratlike in the 
Common Snake, Cohiher natrix^ and 1 conclude this Lecture by 
an abstract of his researches on this subject.'^ 

The differences between the basis of the skull and the verte- 
bral column in the earliest embryonic condition are, — 

1. That round that part of the notocliord which belongs to the 
head, more of the blastema, that is to l)c applied, in the spinal 
column, to the formation of the vertebrjo and tlndr different 
ligaments, is aggTcgated than aiound the rest of its extent, and — 

2. That this mass grows out l)eyond the notochord to form 
the cranial trabecuhe. 

The lateml trabecuhe, at their first appearance, formed two 
narrow and not very thick bands, which consisted of the same 
gelatinous substance as that which constituted the whole invest- 
ment of the notochord, and were not sliarply defined from the 
substance wliich lay between them and at their sides, but seemed 
only to be two thickened and somewhat more solid, or denser, 
parts of that half of the basis of the cranium, wliich lies under 
the anterior cerebral vesicle. 

Posteriorly, at their origin, they were separated by only a 
small interval, equivalent to the breadth of the median trabecula, 
and thence swept in an arch to about the middle of their length, 
separating as tliey passed forwards ; afterwards they (‘onverged, 
so that, at their extremities, they were separated by a very 
small space, or even came into contact. Altogether they formed, 
as it were, two horns, into which the investing mass of the noto- 
chord was continued forwards. Tho elongated space between 
them, moderately wide in the middle, was occupied by a layer 
of softer formative substance, which was very thin jiosteriorly, 
but somewhat thicker anteriorly. Upon this layer rested the 
infundibulum ; and in front of it, partly on this layer, partly on 
the trabecula}, that division of the brain whence the optic nerves 

* Entwickelnngsgoscliiclite dor Nnttf>r, 1839. 
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proceed ; and, further forwards, the hemispheres of the cerebrum. 
Anteriorly, both traboculm reached as far as the anterior end 
of the head, and here bent slightly upwards, so that they projected 
a little into tlie frontal wall of the head, th(a'r ends lying in 
front of the cerebrum. Almost at the end of each horn, how- 
ever, I saw a small ju’occss, its immediate prolongation, pass 
outwards and form, as it were, tlic nucleus for a small lateral 
projection of the nasal process of the fi’ontal wall. 

Tlie middle trabecula grows, with the brain, further and 
further into the cranial cavity ; and as the dura mater begins to 
be now distinguishable, it becomes more readily obvious than 
before, that the middle trabecula raises up a transverse fold of 
it, vvhich traverses the cranial cavity transversely.'^ Tho fold 
itself passes laterally into the cranial wall; it is highest in the 
middle, where it encloses the median trabecula, and becomes 
lower externally, where it forms, as it were, a short ala pro- 
ceeding from the trabecula. With increasing elongation, the 
trabecula becomes broader and broader towards its free end, and, 
for a short time, its thickness increases. After this, however, it 
gradually becomes thinner, without any change in its tissue, till, 
at the end of the second period, it is only a thin lamella, and 
after a short time (in the third period) entirely disappears. 

In Mammals, llirds, and Lizards, that is, in those animals in 
general in which the middle cerebral vesicle is very strongly 
bent up and forms a protuberance, while the base of the brain 
exhibits a deep fold between the infundibulum and the posterior 
cerebral vesicle, a similar part to this median trabecula of the 
skull is found. 

In these animals, also, at a certain very early period of 
embryonic life, it elevates a fold of the dura mater which pass(\s 
from one future petrous bone to the other, and after a certain 
time projects strongly into tlie cranial cavity. Somewhat later, 
however, it diminishes in height and thickness, as I have 
especially observed in embryos of the Pig and Fowl, ujitil at last 
it disap})cars entirely in these higher animals also, the two layers 
of the fold which it had raised up coming into contact. When 

* WJiat Itatfiko terms the “middle trabcicida,,'’ appears to bo only very iiulis- 
tim tly dev(doiM3d in Fislics and Amphibia. 
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this has happened, the fold diminishes in height and eventually 
vauishes, almost com])letely. 

The two lateral trabeenlm, which in the Snake help to form 
the anterior half of the basis of the skull, attain a greater 
solidity in the second period, acquire a greater distinctness from 
the surrounding parts, and assume a more determinate form, 
becoming, in foot, filiform ; so that the further forward, the 
thinner they appear. Tliey increase only very little in thick- 
ness, but far more in length, during the growth of the head. 
Altogether anteriorly, they coalesce witli one another, forming a 
part which lies between the two olfactory organs and constitutes 
a septum. As soon as these organs increase mark(‘dly in size, 
tins part is moderately elongated and tliickened, without, how^- 
cver, becoming so dense as the hinder, longer ])art of the tra- 
becuhe. The prolongations into the lateral projections of tlie 
nasal processes, which now proceed from the coahvseed j)art in 
([uestioii, also become but little denser in texture for the present, 
tliough they (elongate considerably. 

Tlie lateral parts and the upper wall of the cranium, with 
the exception of the auditory eapsuh^s, or of the subsequent 
bony labyrintli, remain merely membranous up to the end of 
the second period; consisting, in tact, only of the cutaneous 
(‘OYoring, the dura mater, and a little interposed blastema, wliich 
is hardly perceptible in the upper part, but increases in the 
lateral walls, towards the base of the skull. 

The notot^hord reaches, in very young embryos of the 
Snal<(?, to betwecji the auditory capsuh^s ; and fuilher than this 
])oint it can be traced neither in the Snake nor in other Verte- 
hrata, at any period of life, as manifold inyestigations, conducted 
with especial reference to this point, have convinced me. 

At the beginning of the third period, the basal plate 
cliondrifies, at first leaving the space beneath the middle of the 
cerebellum membranous; but this also eventually cliondrifies, 
and is distinguished from the rest of the skull only by its 
thinness. 

Lateral processes grow out from the basal cartilage just in 
front of the occipital foramen, and eventually almost meet 
above. They are the ex»occipitaLs. 
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The two lateral trabeculae — parts which I have also seen in 
Frogs, Lizards, Birds, and Mammals — chondrify at the beginning 
of the tliird jeeriod. At first, they pass, distinct from one 
another throughout their whole length, as far as the frontal 
wall, on entering wliich they come into contact ; they are more 
separate posteriorly than anteriorly, and they present, in their 
relativ^e position and form, some similarity with the sides of a 
lyre. But as the eyes increase, become rounder, and project, 
opposite the middle of the trabeculae, downwards towards the 
oral cavity, the latter are more and more pressed together, so 
tlmt, even in the third period, they come to be almost parallel 
for the greater part of their length. Anteriorly, where 
they were already, at an earlier period, nearest to one another, 
tliey are also pressed together by the olfactory organs (which 
have developed at their sides to a coiisiderable size), to such a 
degree, tliat tlu^y come into contact for a great distance aTidthen 
completely coalesce ; tliey are now most remote ])Osteriorly, 
where the pituitary body has })assed between tliom,^ so that 
they seem still to embi-ace it. Anteriorly, between tlie most 
anterior regions of the two nasal cavities, they diverge from their 
coalesced [)art, as two very short, tliin, processes or cornua, 
directed upwards, and simply bent outwards. 

It has been seen above that tlic median trabecula docs not 
cliondrify, but (woiitually disappears ; in its place, a ti'uly 
cartilaginous sliort thick band grows into the fold of dura mater 
from the cartilaginous basal plate. 

Whei’e the pituitary gland lies, there remains between the 
lateral trabecuLe of the skull a considerable gap, which is only 
closed by the mucous membrane of the mouth and the dura 
mater. But there arises in front of this gap, between the two 
trabeculae, as flir as the point where they have already coalesced, 
a very narrow, moderately thick, and anteriorly pointed streak 
of blastema, which, sliortly before the end of the third period, 
acquires a cartilaginous character and subsequently becomes the 
body of the presphenoid. 

* The pituitary brxly, however, as Ratliko has since admitted, does not pass 
between the trabeculae, and is developed in quite a different manner from that 
supposed in the memoir on Cohdter, 
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Altogether anteriorly, however, whore the two trabeeulte 
have coalesced, there grows out of this part, from the two cornua 
in which it ends, a pair of very delicate cartilaginous plates. 
At the end of the third period both plates acquire a not incon- 
siderable size, take the form of two irregularly-formed triangles, 
and are moderately convex above, concave below, so as to be, 
on the whole, 8helbshap(id. The nasal bones are developed 
upon these, while below them are the nasal cavities, and the 
nasal glands with their bony capsules. 

Tlie ala:?, or lateral parts, of the two sphenoids do not grow, 
like the lateral parts of the occipital bone, out of the basis cranii, 
the foundation of which is formed by the cephalic part of the 
chorda, but are formed separately from it, although close to it, 
in tlie, until then, membranous part of the walls of the cranium. 

Tiic aho of the presphenoid (orbito-sphenoids), which are 
observable not very long before the termination of the third 
period, appear as two truly cartilaginous (though, they never 
redden), irregular, oblong, plates of moderate tljickncss ; lie in 
front of the optic foramina, at the sides of tlie lateral trabeculco 
of the skull ; ascend from them upwards and outwards, and are 
somewhat convex on the side turned to the brain, somewhat 
concave on the other. The aim magme (alisphenoids) are 
perceptible a little earlier tluin these. 44iey are formed 
between the eye and the ear, and also originally consist of a 
colourless cartilaginous substance : they appear, at the end of 
the third period, as irregular four-sided plates; lie at both sides 
of tlie anterior half of the investing plate of the chorda; ascend 
less abruptly than the alee orbitales, and are externally convex, 
internally concave. 

The upper posterior angle of each elongates, very early, 
into a process, which grows for a certain distance backwards, 
along the upper edge of the auditory capsule, and applies itself 
closely thereto. 

The auditory capsules, or the future petrous bones, chondrify, 
as it would appear, the earliest of all j)arts of the skull : the 
fenestra oralis arises in them by resorption. 

The ossification of the Snake’s skull commences in the 
basi-occipital, or, at any rate, this is one of the first parts to 

11 



212 


ON THE STKUCTtJRE OF THE SKULL. 


ossify. At a little distance from the occipital foramen, there arises 
a Tory small semilunar bony plate, tlie concave edge or excava- 
tion of which is directed forwards; tliereupon, the bony substance 
shoots from tliis edge further and further forwards, until at 
length the bony plate has the form of the ace of hearts. Its 
base borders the fontanelle in the base of thc‘ skull, which lies 
under the anterior half of tlie third cerebral vesicle, while its 
point is contiguous to the occipital foramen ; for the most ])art 
it is very thin, and only its axis (and next to tliis its whole 
posterior margin) is distinguished by a greater thickness. The 
cephalic part of the riotodiord can be recognised in the axis of 
this bony plate up to the following [)eriod. It passes from the 
posterior to the anterior end of the bony plate, where it is lost, 
and is so invested by tlie osseous substance of the plate, that a 
smaller portion of the latter lies on the upper side of the notochord, 
a larger portion beneath it. On this account it forms, on the 
upper side of the plate, a longitudinal ridge, which subsequently 
liecomcs imp<a'ceptible by the aggregation of matter at the 
sides. On one occasion, liowev(uv I saw, in an embryo which had 
almost reached its full term, a siuulai*ly formed and sized bony 
cone, which, throiigli almost its entire lengtli, appeared merely 
to lie o?z the body of the basi-occipilal, sijice it had only coalesced 
witJi it belo^v. 

TJie nucleus and sheath of the cephalic part of the notochord 
become gra dually broken up and the last trace of them eradicated, 
as tlie ossification of the basi-occipital proceeds, like the nucleus 
and sheath of the rest of the notochord wherever a vertebral body 
is developed.^ 

The articular condyle is not yet formed. The ex-occipital s 
ossify through their whole length and breadth. 

The body of the basi“S])l\enoid is formed between the above- 
mentioned posterior fontanelle of the lasts cranii and the 
pituitary space, therefore far from the cephalic part of the noto- 
chord. It ossifies by tw^o lateral centres, each of which forms 

♦ III tliC stickleback it has appeared to me that the wall of the anterior coiiicai 
terinination of the notochord in tlie bam cranii hecomes ossified, or, at any ndo 
invested by an inseparable sheath of bony maiter, just in tlie same way as the 
“ urnstyle” is developed in tlie tail. 
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a ring round the carotid canal.* The alisphenoids ossify in their 
whole length and breadth ; the orbito-sphenoid only slightly, and 
the presphenoid not at all. Tlie premaxillary bone arises as an 
azygos triangular cartilage between the cornua of the anterior 
ethmo-vonierinc plate. It ossifies from a single centre. 

The auditory capsule, or the future petrosal [—periotic] 
l)one, may, even at the end of this period, bo readily separated 
from the other part of the cranial wall, and still consists, for the 
most part, of cartilage. On the other hand, the triangular form, 
wliich it had before, is not iiK'onsiderably altered, since it greatly 
elongates forwards, and thus, as it were, thrusts its anterior 
angle further and further forwards, and bec^oines more unequal- 
sided. At the lower edge, or the longer side of it, about 
opposite to the up[)er angle, at the beginning of this (third) 
period, or indeed somewhat eaidier, a diverticulum of the 
auditory ca])sule begins to be formed (the rudimentary cochlea), 
and develops into a moderately long, blunt, and hollow appen- 
dage, the end of which is directed downwards, inwards and back- 
wards, and also consists ot cartilage. Close above, and somewhat 
behind this appendage, however, there appears, at about the 
same time, a small rounded depression, in which the upper end 
(fi‘ the auditory ossicle eventually rests ; and, somewhat later, an 
opening appears in this depression wlii(di corresponds with the 
lenestra rotunda of man. Very much later, namely, towards the 
end of this period, the auditory capsule begins to ossify. Ossifi- 
cation commences in a thin and moderately long, hook-like 
process, which is sent forwards and inwards from the lower 
hollow diverticuluin of the cartilage, and unites with the basi- 
sphenoid. From this point it passes uj>war(:ls and backwards, 
and, for the present, extends so iar that, at the end of this 
peiiod, besides that process, the diverticiihim in question, and 
about the anterior third of the auditory capsule itself, are 
ossified.t Later than at the point indicated, an ossific centre 
appears at the posterior edge of the auditory capsule, where it 
abuts against the supra- and ex-occipitals, but extends from 
hence by no means so far forward as to meet that from the 


* Tliese are the “ basi-temporals ” of Mr. Parker, 
f Tln« is tlie pro-otic ossification. 

It 2 
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other point.* The middle, larger part of the auditory capsule, 
therefore, for the present, remains cartilaginous. 

In tlio beginning of the fourth period, a third ossific centre f 
arises in tlie upper angle of the capsule, whereupon all three 
grow towards one another. But the mode of enlargement and 
coalescence of these bony nuclei is very remarkable. They do 
not unite with one another in such a manner as to form a con- 
tinuous bony capsule for the membranous part of the labyrinth, 
but are permanently separated by « cartilagino-membranous 
and very narrow syrnjiliyses. On tlie other hand, one [the 
epiotic] coalesces, in the most intimate manner, witluthat edge 
of tlie supra-occipital which is nearest to it ; so that, even in the 
more advanced endiryos, this bone and it form a moderately 
long oblong plate, each end of which constitutes a small, tole- 
rably deep, and irregularly-formed shell, containing a part of 
the anterior, or upper, semicircular canal. The second bony 
centre [tlie opistliotic] beconn^s ancliylosed with the anterior edge 
of the lateral part of the occipital bone, and also forms a small, 
iiTcgularly-shaped, but longish scale, whiidi contains the deeper, 
or lower part, of the posterior crus of that semicircular canal, 
and besides this, the lower sac, or representative of the cochlea. 
The remaining bony mass developed in the auditory cartilage 
[the pro-otic], however, includes the greater part of the mem- 
branous portion of the labyrinth, and is the largest. The same 
phenomenon, viz. that the petrosal bone breaks up, as it were, 
into three pieces, of wliich two coalesce with the occipital 
bone, occuT’s ajso in Lacerta agilis^ and probably takes place in 
like manner, if Ave may conclude from the later condition of the 
petrous bone to the earlier, in Grocodilia and Chelonia, 

It has been seen that subsequent observers have fully justi- 
fied the conviction here expressed by Rathke. 


The opi.stl.otic ossification. 


t The epiotic ossification. 



LECTURE XIII. 


ON THE STRUCTLIKE OF THE RKTTLT. 

THE SKULLS OF MAIMMALIA. 

We have met with no important didiciilties in the way of 
identifying the hones of the ]3ird\s skull with those found in the 
skulls of the lleptilia and still lower Vertebrata ; and hence, 
if the cranium of a Mammal be compared with that of a Bird, 
the bones wliich correspond in the two will obviously be homo- 
logous throughout the series. 

The accompanying figure represents a longitudinal and 


Fig. 97. 
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Fig. 97. — Longitudinal and vertical section of t!ie cranial cavity ot a Beaver. 

Mu 

vertical section of the skull of a Beaver {Oastor fiber), drawn of 
tlie same absolute length -as the section of the Ostrich’s skull 
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(Fig. 88, A), and exhibiting a corresponding extent of the cranium. 
The three segments of the basi-cranial axis are at once recog- 
nisable juid identifiable with the basi-oceipital, basi-splicnoid, and 
presphenoid of the Bird ; but the basi-sphenoid is truncated at its 
anterior end, as in the Crocodile, not produced into a long beak, 
as in Ihrds and many Lizards. The ex-occipital and snpra-occi- 
pital bones, again, have all the relations of those of the Ostrich, 
and are universally admitted to be the homologncs of the latter. 

In the Ostrich, as we have so(Mi (Fig. tS8, A), there lies in front 
of the ex-occipitals a largo bony mass, composed of the confluent 
0 [usthotic, epiotic, and pro-otic bones. The inner face of the 
single periotic bone thus formed is divided into two surfaces, one 
anterior and one posterior, by a ridge which runs somewhat 
obliquely from aliove downwards and forwards. The anterior 
surface is concave, looks somewhat forwards, arii(Tilates in front 
with the alisplieuoid, and contains no part of the organ of hear- 
ing ; tln^ third division of the trigeminal nerve passes out in 
front of it. The posterior surface presents, interiorly, the aper- 
tures for i\\o poriio dura and \\\o jportio mollis ; superiorly and in 
front, a fossa arched over by the anterior vertical semicircular 
canal ; while, superiorly and behind, it contains the posterior 
vertical scanicircular (*anal. Between the posterior edge of this 
division of tlie bone and the ex-occipital the eighth pair of 
nerves leaves the skull. 

In the Beaver (Fig. 97), there is a single mass of bone not 
dissimilar in form and proportional size, vdiich has always been 
admitted to be the homologue of the. petrosa and pars mas- 
toidea of Man, and the general relations and characters of which 
may be described in exactly the same terms. The inner face is 
divided into two surfaces, one anterior and one j)osterior, by a 
ridge which runs, somewhat obliquely, from above downwards and 
forwards. Tlie anterior surface is coiu'ave, and looks sliglitly 
forwards; it articulates in front with a bone which, as all agree, 
corr(\sponds with the alisphenoid of Man, and lies behind the 
exit of the third division of the trigeminal. The posterior divi- 
sion presents, inferiorly, the apertures for the portio dura and 
poriio mollis ; su[)eriorly and in front, a fossa arched over by the 
anterior vertical semicircular canal ; while superiorly and behind 
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it contains the posterior vertical semicircular canal. Between 
the hinder edge of this division and the ex-occipital, tlie eighth 
pair of nerves leaves the skull. 

The inferior, or internal, edge of the periotic bone in the Bird, 
and that of the jxtrs jyetrosa in the Beaver, conies into relation 
with the basi-occipital and basi-sphenoid ; externally, ea(‘h 
exhibits the fenestra ovalis and rotunda, and is related, above, 
to the squamosal. 

In fact, the only noteworthy differences between the ornithic 
periotic, and the JManiinalian pars i)et rasa and mastoidea, are that 
the former becomes anchylosed Avitli the adjacent bones ot* the 
cranial wall, while the latter remain se[)arate frojn them ; and 
that, while the periotic articulates, above, with the parietal in 
the Bird, the coi’responding ossiii(‘ation in the Mammal is 
separated from that bone by the scjuamosal. 

(Jn the former distinction it Avould ot course be absurd to lay 
any weight; as regards the latter, it is deprived of all signi- 
ficance by the circumstances that in some Birds — as, e,g., tlie 
common Bowl — the squamosal interposes between the periotic 
and the parietal in the wall of the skull ; and that in some Mam- 
mals — as, e.g,^ tlie Sheej) — the squamosal is completely excluded 
from the skull, and t\i(d pars petrosa unites with the parietal. 

ddie simple anatomical comparison of the ])arts a})pears, then, 
to be amply sullicient to demonstrate, that thi^ petrosa and 
mastoidea of the Beaver correspond in every esseiitial respect 
with the periotic inass of the Bird, and tlierefore with the pro-otic, 
opisthotic, and epiotic bones of Beptiles and Bishes. On the 
other hand, no one has ever doubted that the petrosal and mas- 
toid of the Beaver answer to the petrosal and mastoid of Man ; and 
therefore we are led bv the (comparison of adult structure, merely, 
to exactly the same conclusion as that at which we arrived by the 
study of development, to wit, that the p)ars petrosa and pars mas- 
toidea of Man answer to the periotic bones of the lower Vertebrates. 

In front of the periotic, the side wall of the cranium is formed 
l>y an alisphenoid, anchylosed below with the basi-sphenoid ; and, 
still more anteriorly, by a large orbito-sphenoid, united inferiorly 
with the presphenoid, which is distin(*t from the basi-sphenoid 
behind, and from the ethmoid in front. 
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In the roof of the skull (Fig. 98) a large inter-parietaJ, 80 \ 
whicli corresponds with the upper part of the squama occifitis 
of Man, occupies an interval left, posteriorly, between the two 


Fig. <>8. 



Fig. 98. — Side view of the skull of a Beaver. 7)/, tympanic boric; 3f, pars mastoidea ; 

Pm, the downward process of the ex-occipital, called “ paramastoid.'*’ 

parietals ; otherwise, the bones correspond with those found in the 
roof of the skull of the Bird. The ethinoid, the vomer, the nasal 
bones, the premaxilla), maxillte, lachrymal, jugal, and squamosal 
bones, the palatines, and the pterygoids of the Rodent, present 
no difficulties to tlio student acquainted with the structure of the 
Bird s and Reptile’s skull ; but ho will miss the pre-frontals, the 
post-frontals, the quadrato-jugal, the transvei’so, and the quad- 
rate bones, together with all the jueces of the lower jaw, save 
the dentary. 

The post-frontals, the quadrato-jugal, the transverse, and 
four out of the five missing pieces of each ramus of the lower jaw, 
appear to have no representatives in tlie Mammalian skull. 

The pre-frontals, on the other hand, are represented by the 
so-called lateral masses of the ethmoid,” with their develop- 
ments, the superior and middle ethmoidal turbinal bones, which 
answer precisely to those of Man. A tliird turbinal, developed 
from the primitive cartilaginous wall of the olfactory chamber, 
eventually becomes united with the maxilla, and answers to the 
inferior or maxillary turbinal of Man ; ^vhile, in the Beaver, there 
is a fourth turbinal, connected with the superior turbinal and with 
the nasal bones, which may be termed the nasal turbinal.” 

How far these well-defined turbinals of the Mammal answer 
to the cartilaginous and osseous turbinals of Birds and Reptiles, 
is a question which has yet to be elucidated. 
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I have already endeavoured to show that the quadrate and 
articular bones of the oviparous Vertebrata are represented by 
the incus and malleus of Man, and consequently by the corre- 
sponding bones in all Mammalia ; and that, as a consequence of 
the appropriation of two bones of the mandibular series to the 
uses of the organ of hearing, the dentary bone develops its 
own condyle, and articulates with the squamosal. 

Another bone which appears to have no distinct representa- 
tive in most oviparous Vertebrates* is very conspicuons in most 
Mammals, and far more so in the Beaver than in Man. This 
is the tympanic element, and it will be useful to study with 
especial attention the characters of this bone, its relations to the 
periotic, and the manner in which both are connected witli the 
other bones of the skull. 


In a transverse section of the conjoined tympanic and periotic 
houes, taken through the canal which is common to the anterior 
.and posterior vertical semicircular 
canals (Fig. 99), the periotic mass "" 

is seen to be prolonged, external to 
and bebw tlie horizontal semicircular 
canal and that for the })assage of tln^ 

portio (hira, into a stout mastoid C W 

process ’’ (M), which appears upon the t,/ / 

outer surface of the skull, between the ^ 

ex-occipital, the squamosahand the tV 90 . ~a vortical section of th^ 

■t ’ 1 ' conjoined tympanic and jx^riotic 

tympanic, as a production downwards bones of the Jkvi ver ( Cantor fiber j . 

' 1 P r. j • 1 '>'> oxtoi'iial auditory meatus; />, 

and outwards ot the “pars mas^o^c^m, („i. ,),c tympanic mom- 

wliicli is doubtless, as in Man, com- 

tympaiiK; ; Aa, hiUstachiaii tube; 

posed partly of the prO-oti(* and partly fv, (cochlea ; M, pars mastoidea. 
of the epiotic and opisthotic bones. 

The tympanic bone is pi;pduced, externally, into a spout-like 
tube, directed forwards and upwards, which is the external audi- 


tory meatus {Au, Fig. 98) ; below and internally the tube dilates 
into a thin walled hemispherical bulla (b, c, Fig. 99), open su- 
.periorly, and* produced in front and anteriorly into a perforated 
process, which contains the osseous part of the Eustachian tube. 


* I learn from Mr. Parker that all Birds above the Strutliionidx have a more or 
less perfect chain of tympanic bones, of whicli there are six in Cor mm corone. 
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The outer lip of the huUa and tlie auditory ineatiis are auchylosed 
with that region of the j)ro-otic which corresponds with the tegmen 
tympani in Man. The inner lip of the tympanic buUa is, as is the 
case with tlie corresponding edge of the tym|)anic bone of Man, 
applied against the opisthotic, but it does not ancliylose with this 
bone in the Beaver ; at any rate, fur the greater part of its extent. 
Consequently, a A ery narrow cleft or lissiii’e, leading into tlie tym- 
panum, is o])ened up, if the inner lip of the hulla is gently prized 
away fz’om the periotic mass in this region. I shall term this 
the ‘‘ tympano-periotie fissiirer The great difference between the 
tympanic bone of Man and that of the Beaver arises from the 
circumstance, that, in ]Man, by far the greater part of the bone 
is. occupied by the external auditory meatus; the interval be- 
tween the groove for the attachment of the tympanic membrane 
and the inner edge of the tyin})anic bone — which forms the floor 
of the tympanum — being quite insigniiicant, except in the region 
of the Eustacliian tube. In the Beaver, on tlie other hand, this 
part of the tympanic bone is greatly enlarged, and constitutes 
more than the inner half of the hulla tympani. 

The tympanic bone and the periotic being thus anchylosod 
together externally (though only coadjusted internally), form one 
bone in the adult Beaver. But this ‘‘ tijmpano-periotic hone ” is 
not auchylosed with any of the adjacent bones, even the squa- 
mosal remaining perfectly distinct. Nor, indeed, is it fixed to 
them by very firmly interlocking sutures, so that in the dry skull 
it may be pushed out without difficulty. It is held in place, in 
fact, only by the descending post-auditory process of the squa- 
mosal (answering to the posterior part of the mar go iyynpanicus), 
which curves behind the external auditory passage ; and by the 
fitting in of the ‘^pars mastoklea''' between tlie ex-occipital and 
siipra-occipitah 

Of the vast multitude of modifications undergone by the 
Mammalian skull, I select for comment, in this place, only a few 
of the most important, such as, Istly, those wdiich are the result 
of unusual forms or combinations of bones in skulls not other- 
wise abnormal. 2ndly. 'lliose Avhich are exhibited by the skulls 
of the liigher ]\rammals ns compared Avith tln^ loAver. 3rdly. 
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Those whi(*li are presented by what may be terjiied aberrant 
Mammalian skulls, e,g., the (u-auia of the Monotreinata and 
ProhoHcicUa, and of the aqiiatie Mammalia — tlie Sireiiia, Phocidm^ 
and Cdacea, 

I am not aware that there is any example among the Mam- 
malia of the bones of the roof, or lateral walls, of the two pos- 
terior segments of the skull taking a share in the formation of the 
floor of the cranial (*avity. On tlie other hand, a careful study 
of development will probably show that it is no uncommon 
circumstance for the orbito-sphenoids to unite together in the 
middle line, so as to exclude the presphenoid from the cranial 
door, or even to supply its place entirely. 

/V still more remarkable deviation from the typical arrange- 
ment than this ocxuirs in certain Mammals, and has been thus 
noted by Cuvier (Lemons ii., ]). ill!)) : — '‘La lame cribleuse de 
rethmoide dans tons les Maids, dans les Loris, et les Galagos, 
vieiit tomher conime dans riioinme, an spheiioide anterieiir; 
tan(lis(pie, dans les Singes, elle en resb? cloignf‘e en arriere par le 
rappixxdicmcnt des deux cotes du frontal.” 

I find the union of the frontals to which Cuvier r(Ters in this 
passage to take place in Gynoceidialm, Macacas, Cercojnthecus, 
and Semnojuthecus, The frontals, however, do not really separate 
the presphenoid and ethmoid, but only form, above the junction 
of tlicse two bones, the front })art of a thick osseous bridge, the 
hiuder part of which is contributed by the orbito-s[)henoids. 

The Gorilla agrees with the Monkeys and Baboons in these 
respects. Thus, in the adult male (Torilla in the Museum of 
the Koyal College of Surgeons, the distance from the anterior 
boundary of the sella turcica to the anterior end of the cribriform 
plate of the ethmoid is 1*4 in. Of this extent of the base of the 
skull, 0*35 in. is occupied by the conjoined orbito-sphenoids, 
0*42 in. by the coalesced frontals, and 0*6 in. by the lamina 
perpendicularis of the ethmoid. But, in a vertical section, the 
ethmoid is seen to extend back under the basi-cranial processes 
of the frontals (which are not more than one-fifth of an inch 
thick) as far as the suture between tlie orbito-sphenoids and 
these processes, which end anteriorly in a free rounded, trails- 
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versely concave ridge, constituting the posterior boundary of 
the olfactory fossa. Laterally, the basi-cranial processes of the 
frontals arch doAvnwards for a short distance and unite with the 
lateral masses of the ethmoid. 

In tlie Gorilla, the frontal bridge is much smaller than in 
the lower Catarhines. The Chimpanzee approa(*lics Man still 
more nearly; a triangular process of the presphenoid inter- 
posing itself between the frontals and joining the ethmoid. 
Sometimes, however, A^n-y small processes of the frontals just 
unite over this junction. In the Orang, the frontals are widely 
separated, as in ]\Ian. 

The epiotic, pro-otic, and opisthotic bones are always an- 
chylosed into a single j^eriotio bone in the Mammalia ; but they 
unite with the other elements of the temj^oral bone, and with the 
adjacent cranial bones, in very various modes, and the tympanic 
cavity presents very different boundary walls in different Mammals. 

In the Beaver, as wo have seen, the tympanic and perioti(-* 
bones are anchylosed into a single “ tymiMno-perioticr which 
remains unanchylosed with the scpiamosal, and is easily de- 
tached. In the Sirenia and in Ceiaoea (sooner or later) the 
same anchylosis takes place, but the tympano-periotic is 'still 
loss firmly fixed in its jdace, and, in some Cetacea, docs not 
appear at all in the interior of the skull, in consequence of the 
growth of the adjacent bones toAvards one another over it. 

1'lie tympano-periotic of the Bhinoceros, Horse, and Sheep, 
long remains unanchylosed to the surrounding bones, but is so 
wedged in between them as to be practically fixed within the 
Avails of the skulk 

In Echidna and in Orycteropus the periotic, the squamosal, 
and the tympanic remain perfectly distinct for a long time, if 
not throughout life. 

The squamosal and tympanic of the Pig anchylose into a 
single “ squamoso-tympanic,'' which is firmly fixed to the ad- 
jacent bones ; but the periotic remains iree, and consequently 
readily falls not out of, but into the skulk 

In the nine-banded Armadillo (Fraopus) it is the periotic 
and squamosal Avhich are anchylosed, tlie tympanic remaining 
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rudimentary and free ; and the Opossums and the Tapir exhibit 
a similar arrangement. 

Other Mammalia, such as the Carnivora and Primates, have 
the squamosal, tympanic, and periotic all anchylosed together 
into one temporal lone'' 

Even in one and the same order the constitution of the 
tympanic cavity exhibits the most remarkable differences. To 
take the Pdentata as an example : — 

In tlie Orycteropus the walls of tln^ tympanic cavity have a 
wonderfully reptilian arrangement ; the periotic is very large in 
proportion to the other bones of the skull, and its plane presents 
comparatively little inclination, so that its exterior face looks 
more outwards than downwards. A large part of its posterior and 
outer face is seen, as n pars mastoidea, upon the exterior of the 
skull, between the supra-occipital, the ex-occipital, and the squa- 
mosal, but there is no distinct ‘‘ mastoid process below, the peri- 
otic comes into contact with the basi-occij)ital and basi-sphenoid ; 
in front, with the alisphenoid. The latter bone is strongly convex 
outwards, so as to present a posterior, as well as an external, face ; 
the posterior face forms the front wall of the tympanum, and ex-^ 
hibits a somewhat deep excaA^ation, or alisphenoidal air-cell. 

The squamosal, a very large bone, is divided by a well- 
marked ridge into an upper face, which constitutes part of the 
roof, and an outer face, Avhich forms a portion of the lateral 
wall, of the skull. The latter enters into the outer and upper 
wall of the tympanum ; the former, A-ery thin, constitutes the 
roof of that cavity, abutting internally upon the supra-occipital 
and parietal. The Fallopian canal is open for the greater part 
of its extent, and a hook-like osseous process, Avhich overhangs 
its outer and posterior part, gives attachment to the hyoid. 

The tympanic is a strong hoop of bone, incomplete above, 
and much shorter anteriorly than posteriorly. By its expanded 
anterior end it articulates by an interlocking suture Avith the 
squamosal. The thin posterior end is free. 

hi Alyrmecophaga tetradaetyla (and essentially the same 
arrangement obtains in the great Ant-eater), the squamosal, as 
in Orycteropus, enters largely into the Avail of the cranial cavity ; 
blit the tympanic*, which is large and bullate, is anchylosed with 
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it The tjm])anic, however, forms only the outer part of the 
posterior wall of the tympanum, the inner and posterior walls 
of that cavity being fiirnislied by a downward process of tlio basi- 
occipital, while its inner and anterior wall is formed partly by 
the pterygoid and partly by tlie alisphenoid. These two bones 
enclose a great air-cellj which communicates freely with the 
tympanic cavity behind. In front, it is closed by a thin bony 
partition, which separates it from a second large air-chamber, 
enclosed, partly by the alisphenoid and pterygoid, and partly by 
the palatine. 

In the gejuis Manis there is a large hilla, formed altogether 
by the tympanic, which, in moderately young skulls, at any 
rate, is not anchylosed with the adjacent bones. 

The squamosal is an immense bone, extending from the ex- 
occipital to the orbito-sphenoid, and entering into the lateral 
walls of tlie skull for that extent. Its posterior part, dilated 
and convex outwards, contains a lai'ge air-(*ell, whicli opens into 
the roof of the tympanum by a wide aperture. The plaiie of the 
periotic is nearly horizontal. It is a relatively small bone, and 
only a small part of it appears on the base of the skull, behind 
the tympanic huUa, the squamosal completely hiding it externally. 

Of the Armadillos, some, like Eiiphractiis, have a tyrnptinic 
hulla of the ordinary construction, with, occasionally, a very 
long external auditory meatus ; while others, such as the nine- 
banded Armadillos (Praojms of Burraeistcr), have a mere hoop 
of bone open above, almost as rudimentary as that of Echidna, 

Or, if we turn to the perissodactyle Unr/ulata : — 

In the Bhinoecros, the periotic and tympanic early anchyloso 
together, but remain distinct from the surrounding bones, the 
compound tympano-periotic being only wedged m between the 
squamosal, ex-occipital, and other adjacent cranial bones, in 
such a manner that it cannot fall out. Tlie mastoidea'' 

is completely hidden, externally, by the union of the squamosal 
and the paramastoid process of the ex-occipital over it. The 
region itself, however, is very well developed, and is continuous, 
internally and below, with a very strong, conical, somewhat 
curved, styloid process, to the flattened, free base of which the 
hyoidean apparatus is attached. 
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The tympanic element is very singularly formed. It lias 
the shape of a very irregular hoop, open" above and behind, and 
miicli thicker at its anterior superior than at its posterior su- 
perior end. Tlie former, irregular and prismatic, is anehylosed 
with the periotic, just behind and above tlie a'uditory labyrinth ; 
it then splits into two divisions, an anterior and inner and a 
posterior and outer. The anterior, acquiring a thick and 
spongy texture, curves round to Ibrm the front part of the wall 
of the tympanum, and then ends in a free, backward! y-directed 
apex, witliout becoming in any Avay connected with tlie periotic, 
or with the posterior division. '^Idie latter, much thinner and 
dense]’, curves do^vn wards and backAvards in the same way, and 
also reniains perfectly free, but its hinder end is prolonged into 
a flat process, Avhich bends for a short way round the base of 
the styloid ])ro(*ess. The outer wall of the tympanum is there- 
fore very incomplete in the di’v skull, opening forwards and 
downwards, tirst, by tlie fissure between the anterior branch, of 
the tympanic and the periotic ; ami, secondly, by the cleft 
between the two divisions of the tymjianic. 

Posteriorly, there is a large irregular a[)erture between the 
hinder end of tlie anterior branch of tlie tympanic and the peri- 
otic. Externally, there is no bony amlitoiy meatus — or rather 
the merest rudiment of one. 

The Horse presents a very difterent structure. Ihere is a 
tympano-periotic bone Avhicli is wedged in between the squa- 
mosal and adjacent bones, and not anehylosed there Avith ; but 
the mastoidea appears largely on the outside of the skull 

between the j^ost-auditory process of the s(|uamosal and the 
paramastoid, and the tympanic element consists of a complete 
hilla^ Avith a iong external auditory meatus. The styloid pro- 
cess is almost completely infolded by a^vaginal process furnished 
by the auditory meatus, and the tympanic is altogether anchy- 
losed to the periotic, posteriorly. 

No Tapir s skull Avhicli I have examined has presented any 
trace of an ossified tympanic bone.* 

. In the Horse, most Primates, Carnivores and Eodents, the 

* According to Cuvier, “ L’os de la eaisse iie pavoit januiis bien so sender avec 
le-s 08 voisins et toml^e ais(?mont, eomme dans Ulieriscon, le sarigue,” &e. 
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tympano-periotic fissure is closed, either by the close apposition, 
or by the actual auchylosis, of the inner lip of the tynipanic to 
the periotic. 

But, in the Sheep and Pig, tliis fissure is replaced by a wide 
elongated aperture, the inner edge of the tympanic hulla being 
rolled in like a scroil. In the Seals and Cetacea tlie scroll-like 
form of the immensely thick tym 2 )anic hulla becomes still more 
marked, and the tympano-periotic fissure wider ; while the latter 
is converted into* a great gap in the floor of the tympanum in 
Orycteropm and in the Sirenia, the tympanic being reduced to 
a mere thick hoop. 

In many Marsiijpialia the alisphenoid dilates posteriorly and 
interiorly into a fuiiiiel-shaped, thin-walled, bony chamber, 
which closes tlie tympanic cavity anteriorly, uniting by its edges 
with the tympanic bone. In certain Insectivora^ such as the 
Hedgehog and Tcnrec, the tympanic cavity is partly walled in 
by a process of the basi-splienoid. 

In Jlyrax, and in many MarsiqnaJia and Kodents, the jugal 
enters into the composition of the glenoid facet for the lower 
jaw. In the Marsupials the alisphenoid may also contribute 
towards the formation of this articular surface. In almost all 
Marsupials the angle of the mandible is continued inwards into 
a horizontal j^late of bone. This ‘‘ inflexion of the angle of the 
jaw” is peculiar to these Jrammals. 

The palatine and pterygoid bones present very considerable 
difierences in their connections among Mammalia, 

Thus, in the Ornitliorliyucli'us, in the larger Myrmecophagm^ 
and in some Cetacea, the pterygoids unite in the middle liiui 
below, so as to prolong the bony palate beyond the palatines, as 
in the Crocodiles. In the Marsupials, on the other hand, the 
bony palate, formed only by the maxillm and palatines, is often 
defectively ossified, so that large open spaces are left therein 
on the dry skull. 

In order to understand the changes which the normal type 
of skull undergoes in the Mammalian series, it is necessaiy to 
d(3fino a few lines and planes by the help of certain well-marked 
o]-ganic fixed points. 
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A line drawn from the hinder extremity of the basi-oecipital * 
to the uppermost part of the junction between the presjJienoid 
and the ethmoid, may be (*alled the lino of the axis of the basis 
eranii, or the hasi-cranial Ihmr 

A second line, drawn Irom the premaxilla to the basis cranii 
through the junction of ihe yomer with the ethmoid, traverses 
the axis of the facial part of the skull, and may be termed the 
lino of the axis of the basis faciei, or basifacial line'' I'his 
line, if produced upwards and backwairls, will cut the foregoing 
so as to form an angle open downwards, which I shall term the 
“ craniofacial angle r 

A third line, drawn from the end of the l>asi-occipital bone 
to the posterior edge of the supra-occipital in the median line, 
will give the general direction of the plane of the occipital 
foramen, or the occifital plane. The angle it forms with tlie 
basi-cranial line is the “ occipital angle." 

A fourth line, drawn trom the toreular Ilerophilf or junction 
of the lateral and longitudinal sinuses, through the middle of a 
plane joining the tentorial edges of the pro-otic bones, will give 
the general direction of the tentorium, or, in other words, of the 
demarcation between cerebrum and cerebellum.* This line, 
therefore, may be taken to indicate the ^Hentorial plane." The 
angle it forms with the basi-cranial line is the tentorial angle." 

A fifth line, drawn through the median junctions of the crib- 
riform plate of the ethmoid, with the frontal abo\ e and ante- 
riorly, and with the presphenoid below and postmdorly, will give, 
in the same general way, the The angle it 
forms with the basi-cranial line is the ‘^olfactory angle!' 

Lastly, the longest antero-postoj-ior measurement of the 
cavity which lodges the cerebrum Mnll give the cerehral length " 

Having defined these lines and planes, the following general 
rules may be laid down : — 

1 . The lower Mammalia have the hashcranial line longer in 
proportion to the cerebral Je^igtli than the higher. Taking the 
length of the basi-cranial line as 100,lliave observed the cerebral 

* Of course uo straight line cau give this boundary witli exactness, as the co- 
adnpted surfaces of the cerebrum and cerebellum, and coiisc(iuently of the interposed 
h'liforium, are curv"(‘d in nil directions. 


S 
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* length to be, in a well-developed European skulf, 266; in a 
Negro, 286 ; in an adult female Cliiinpanzee^ 180 ; in an adult 
male Gorilla, 170; in a Baboon, 144; in a Lemur, 119; in a 
Doof, 87 ; in a Beaver, 70 ; in a Thylacimis, 60 ; in an Opossum, 
93; m Echidna, 100. 

2. In the lower Mammalia the olfactory, tentorial, and occi- 
pital angles nearly approach right angles ; or, in other words, the 
corresponding planes are nearly vertical, while they become more 
and more obtuse in the higher Mammals, until, in Man, these 
planes are nearly horizontal, in the ordinary position of tlie skull. 

8. In the lower Mammalia (Fig. 100) the cranio-fa(*ial angle 
is so open as to reach 150*^ or more, but, in the higher MammaKa, 
it becomes smaller and smaller, until, in Man, it may be as little 
as 90°. 

4. In many of the lower Mammalia, a sudden narrowing of 
the front part of the cranial cavity indicates the boundary 
between tlie chamber which lodges the cerebral hemispheres and 
that which contains the olfactory lobes of the brain (Fig. JOO), 
and tlie latter cavity forms a large and distinct olfactory fossa. 
In tlie higher Mammals this cavity becomes absolutely and 
relalively smaller, until in Man it is so shallow and insignificant 
as to be liardly noticeable. 

5. In many lower Mammalia the olfactory fossa is altogether 
in front of the cerebral cavity, and the cerebellar fossa is alto- 
gether behind it, the three being separated by marked con- 
strictions (Fig. 100). 



Fig. 100. — Lftngitudinal uml vei tiral section of the skull of lliifhtclwis c}fuorq)/taliis. 

In the higher Mammals, on the other hand, the excessive 
development of the cerebral hemispheres causes the cerebral 
chamber to overlap the olfactory fossa in front and the cerebellar 
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fossa beliind; so that these come to be placed respectively 
Tinder, instead of ip front of and behind, the cerebral chamber. 

Thus it may be said, that in passing from the lower to the higher 
forms of Mammalian skull, we fijid the cavity for the cerebrum 
enlarging in proportion to the basi-cranial axis, and thrusting 
the olfactory plane downwards and forwards, the tentorial and 
occipital planes downwards and backwards, in such a manner 
that these may be said to rotate on the ends of the basi-cranial 
axis; at the same time, the basi-fa(*ial line rotates on the basi- 
cranial linc^, being more and more bent downwards and backwards. 

It must be clearly understood that I by no means intend to 
suggest that all Mammalian skulls can be arranged in a series, 
the lower mejnbers of which shall be distinguished from the 
higher by always exhibiting smaller olfactory and occipital angles, 
larger cranio-facial angles, less proportional cerebral lengths, &e. 
On the contrary, the various angles and measurements show a 
considerable range of irrelative variation; as, for example, in 
the Cetacea, a relatively large cerebral hmgth is associated with 
small occipitaT and olfactory angles, and a very large cranio- 
facial angle; in the Edentata and Monotremata a somewhat 
large olfactory angle is associated with a small tentorial and 
occipital angle ; and in the Opossum and Echidna the cerebral 
length is anomalously great. All that can bo said is, that the 
crania of the higher orders of Mammals, as a whole, are dis- 
tinguished from thos(^ of the lower ord(u\s by the characters 
1 have mentioned. 

The skull of Echidna (Figs. 101 and 102) may l)e talcen as an 
example of the ‘‘aberrant” monotreme typo of skull. It is com- 
posed of a pyriform cranium proper, and a produced, beak-like 
maxillary portion. The lower jaw is remarkable for its length 
and slenderness, and the very small vertical height of its 
rami (Fig. 101). 

The basi-occipital (BJ).) is very wide, and so much depressed 
as to be quite a thin lamella of bone ; it contributes, to a small 
extent, to each occipital condyle, which, like the ex-occipital 
hone itself, is very large. The ex-occipitals are connected above 
bv a wide supra-occipital, which extends so far upon the root ot 

s 2 
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the skull that the lanibdoidal suture is uot very distant from its 
summit. Tlie plane of the roof of the slcull slopes upwards and 
forwards, from the oceijatal foramen to this point. 



Fill, 101. — I'he skull of a young Krlndna viowod fioin without, ainl in longitudinal and 

vortical sooti(»n. 

The large parietals, anchylosed together in the middle line, 
form all but a very small portion of the rest of the i-oof of the 
skull, and are succeeded by the small irontals. are met 

ill the middle lino, inferiorly, by the lamina imyendkularh of 
the ethmoid, which separates one olfactory chamber from the 
other, and are united by sutures, anteriorly, with tlie long nasals. 
These stop short of the anterior nasal aperture, being excluded 
therefrom by the premaxillaries. 

In the base of the skull the basi-sphenoid, presphenoid, and 
ethmoid are aneliylosed together. The basi-splienoid is a wide, 
ilattened bone, somewhat doflexed at the sides. Its long, thin, 
postorodateral margins articulate externally with the broad, flat 
bones {^P£) which contribute above to form the flooi’ of the cranial 
cavity by filling up a vacuity which would otherwise exist betweeii 
the basi-sphenoid, periotic, and alisplieuoid. The thick posterior 
and external edges of these bones are excavated l)y a deep groove, 
wliieh forms the front wall of the tympanum and of the Busta- 
ehiaii tubes. The palatine bones are completely aneliylosed 
witli the sphenoid, and jiass abruptly inwards from the outer 
edges of that bone (Fig. 102). The anterior and internal edge^s of 
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the bones wliicli obviously represent the pterygoids, articii- 
hito with them as well as with the basi-sphenoid. The anterior 
and external edges of the pterygoids ai‘e united witli an antei*o- 
lateral prolongation of the pro-otie part of the periotic ; and, 
1 ‘ather above the cleft between the latter and tlie pterygoid, is 
fixed the large process of t\ie inalleiis (m, Fig. 102), to which the 
tympanic? ring closely adheres. 

The periotic bone is remarkable for the lanudlar prolongations 
whi(?li it sends forwards from its pro-otic, epiotic, and opisthotic 
regions, beyond the space required for the auditory organ, and 
wliicli enter more largely into the side walls of tlie skull than 
any of its ordinary constituents. The ])erioiic contributes 
towards the floor of the skull by a triangular process, which it 
se]ids in between the basi-occipital and the basi-sphenoid. Pos- 
t(?riorly, it articulates largely witli the ex-occipital, the foramen 
for the eighth pair being situated between it 
and the latter. By its wide superior prolonga- 
tion it unites behind with the cx-occipital, pos- 
teriorly and su})eriorly Avith the supra-occipital ; 
anteriorly and superiorly, first with the parietal, 
and then Avith a large bone (OfS, Pig. 101) which 
stretches outwards, upwards, and baclvAvards from 
the presphenoid and ethmoid, articulating partly 
with the frontal, and more extensiAmly with 
the parietal. Exce])t in its unusual articula- 
tion with the periotic, this bone corresponds 
with the orbito-splienoid. BtTween the superior 
])rolongatiou of the periotii*. and its thin and 
i m per fee t ly-ossifi ed ai i terior an d i j ifer i or j )ro- 
longation, there is an interspace tilled up by 
the squamosal. The lower edge of this pro- 
longation articulates with the pterygoid, and, 
in front of this, forms the upper boundary of 
the for[unen for the tliird division of tlie fifth 
iici*ve. Between its front edge and a small 
process, sent up by the palatine toAvards the 
orbito-sphonoid, is a small plate of bone, which 
represent the alisphenoid. 


Fig. 102. 



Fig. 1U2. — UiifitT 
viow of fh(i loft 
half of the skull of 
EchiJiUf, 

alone seems to 
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The premaxilUe enter largely into the composition of both 
the upper and under regions of the snout. As has been already 
stated, they unite in front of the nasal bones, so as to exclude 
the latter from the anterior nares, as is the case in some Croco- 
dilia. The maxillary bones send horizontally inwards a broad 
and long palatine process. This, like the corresponding process 
of the palatine bone, is separated from its fellow in the middle 
line, for some distance, by the vomer. On the left side of the 
specimen from which this description is taken there is a distinct 
large triangular lachrymal (Fig. 101); it is imperforate, and 
situated altogether upon the side of the face. An oblique suture 
extends downwards and forwards from that which separates this 
lachrymal, interiorly, from the adjacent bones, and seems to mark 
off the jugal from the maxillary bone. On the right side neither 
this suture exists, nor any indication of a distinct lachrymal. 

The essential characters of tlie IVoboseidean cranium are 
best displayed in the foetal Elephant, as the sutures become obli- 
terated, and the true form of the skull is disguised by the 
enormous development of the air-chambers between tlie tables 
of the skull, in the adult. 

Fig. 103 represents the longitudinally and vertically bisected 
skull of sucli an Elephant. Jlie whole basi-cranial axis is 
slightly concave upwards. Ilie busi-occipital and the bash 
sphenoid, the presphenoid, and tlie ethmoid are already so com- 
pletely anchylosed that the traces of their primitive distinctness 
have almost disappeared. On the other hand, the presphenoid 
and the basi-sphenoid are widely separated by the remains of a 
synchondrosis. The occipital angle is about 90"^, the olfactory 
angle IGO^ to 170^. 

The frontals enter as much into tlie front wall as into the 
roof of the skull, and extend largely down upon its sides. ’ An- 
teriorly and externally they are proloiiged into great arched 
supra-orbital processes, which form the roofs of tlie orbits. 

The parietals are narrower in the middle line of the vertex 
than anywhere else, being encroached uj^on by the frontals, 
anteriorly, and by the supra-occipital behind. Infero-laterally, 
t/je jmrietals widen out very much and extend far down into the 
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temporal fossae, where they unite, in fr.mt, with the apices of the 
tolerably large orbito-sphenoids, and beliind, with the periotic 
and supra-occipital. Below the inferior margin of the parietals 
the squamosals appear largely in the lateral wall of the skull. 

The alisphenoids are very small, and are directed horizon- 
tally outwards. The foramen for the exit of the third division 
of the trigeminal is between the hinder margin of the bone and 
the periotic. 

The latter bone has a considerable proportional size, and is 
devoid of any cerebellar fossa,. 


Fig. iOo. 

JPa 



Fig. lOo. — Longitudinally and vertioally bisected cranium of a fjcta) Flcpl)ant [J^/ejjhas 

IndicKs). 

On the exterior of the skull the squamosal joins the ex-occi- 
pita], so that no ‘^^jars mastoidea'' appears upon tlie surface. 
The post-glenoidal and post-auditory processes of tlie squamosal 
are very large, and bend towards one another infcriorly, so as to 
meet (in the adult skull) and form a spurious external auditory 
meatus. 

But besides this, there is a true external auditory meatus 
which is, as usual, an outgrowth from the tympanic. The latter 
bone is very large and bullate. It is grooved anteriorly by the 
carotid, and the short styloid process appears between it, the 
squamosal, and the ex-occipital. 

The tympanic and the periotic are ancliylosed togetlier and 
wedged into the space left between the ex-occipital, squamosal, 
parietal, alisphenoid, and the basi-cranial axis. 

The very short nasal bones (absent in the specimen figured) 
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firo adjusted by a broad posterior face to the frontals at Na^, 
The large preinaxillaries ascend along the sides of tlie anterior 
nasal aperture to tlie nasal bones, but ai-e almost excluded from 
the palate, interiorly, by the maxillaries ; their alveolar portion, 
however, is very large and long, and this circumstance, together 
with the shortness of the nasal bones, throws the anterior narcs, 
in the dry skull, almost to the toj) of the head. As the palatine 
processes of the maxillaries and palatines are, at the same time, 
relatively short, the posterior nares are situated but little behind 
tlie anterior nares, and thus the axis of the nasal passage forms 
a largo angle witli the basi-crauial axis, ddie lachrymal is a very 
small, though distinct, bone. 

In the foetal Elephant here described the space between the 
two tables of tlie skull is moderate, and is filled with a spongy 
di])loe ; but, with advancing age, the interspace between the 
tables in the frontal, parietal, and suj)ra-occi]>ital increases until 
it equals or ('X(!eeds tlie depth of the cranial cavity, and the 
(tiploe is replaced by V(Ttical plates and pillars of bone, between 
which air-cavities extend back from the frontal sinuses and 
]msal passages. The skull of the El(‘]>hant resembles that of 
the Pig in many of its most important and (‘haracteristic features, 
and, through tlie IVg, its affinities are traceable to the other 
Ungulata. Of these, the skull of the Tapir resembles it most in 
some respects, such as the shortness of the nasal bones and of 
the palate ; the consequent large angle which tlie axis of the 
nasal passages makes with the basi-cranial axis ; and the pro- 
longation downwards and forwards of the frontal bones. 


Fig. 104. 



Fii^. 104, — Si4c view of Uie^kull uf a tlie paiaiiiastoitJ process of the 

eA-oocipital. 
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On the other hand, some ttuminaiits carry to an extreme the 
development of the frontal into a great supra-orbital arch, its 
extension backwards in tlie middle line, and the concomitant 
expansion of tlie supra-occipital forwards ; so that tlie parietals 
of the Ox, for example, are reduced to a comparatively narrow 
band in the middle line, while they expand widely in the 
temporal fossm (I’ig. 104), 

The crania of the purely aquatic Mammals, such as the 
ty[)ical Seals, the Sirenia and the Cetacea, exhibit a certain 
similarity of character in the midst of very wide and important 
dilFerences. 

Tlie basi-cranial axis is eitlier flat or slightly curved upwards 
at its anterior and posterior extremities. The olfactory and 
occipital ]_)lanes are vertical, or nearly so. The squama occipitis, 
alone, or united with large inter-parietal elements, extends upon 
tlie vei’tex of the skull between the parietals, and ap[)roaches, or 
even reaches, the frontals, so that the parietals are very much 
shorter anteio-posteriorly than at tlie sides and below. 

The frontals take but a small share in the formation of the 
roof of the cranial cavity ; the nasals are relatively short, the 
anterior nasal aperture relatively large, and thc^ posterior often 
situated far forwards. The prefontals, or lateral masses of the 
cdhmoid, are small or rudimentary. The tympanic? and periotic 
are always anchylosed together, and, whetlier connected or nof 
with the squamosal, are more easily deta-cliable from the skull 
than usual. 

The Seals are extreme aquatic modifications of the carni- 
vorous type of cranial structure ; the? Sirenia, of the ungulate 
type. The Cetacea present resemblances to both. 

In the common Seal {Plioca mtulina) (Fig. 105) the cranial 
cavity is exceedingly broad and , spacious, and the cerebral 
extends far further back over the cerebellar chamber, and is 
much larger in proportion to it, than is usual in Carnivora, 
Tliere is a strong bony tentorium, and an (Osseous falx is more 
or less developed. The basi-cranial axis, very thin and broad, is 
curved, so as to be concave from before backwards. The syu- 
cliondrosis between the presphenoid and basi-S})heiH)id persists. 
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The superior and middle tnrbinal bones are gi*eatly flattened 
from side to side, and unite below and internally with the lamina 


Fig. 105. 



Fig. 105. — Longitudinal and vertioal section of the skull of a Seal [Phoca vitidiaa). 
The prenia.xilla is absent. 


perpeyidiciilaris, or proper ethmoid, so that all direct communi- 
cation with the supfTior and middle meatuses of the nose is shut 
off below. The inferior turbinal, on the other hand, is exceed- 
ingly large and complex in its structure. The orbito-sphenoids 
are large and, ascending upon the front wall of the shall, unite 
anteriorly behind and below tlie cribriform plate, so as to hide 
nearly the half of tlu^. ethmoid when the base of the skull is 
regarded from above. The presphenoid is relatively small. 

Less than half the length of the frontal bones enters into 
the upper wall of the cranial cavity, the rest being devoted to 
the roof of the nasal chambers. Tliis part of the frontals is very 
much narrower than the other, and is bent down at the sides, so 
as to form two broad thin plates, which wall in the superior and 
middle spongy bones, articulate below with the vomer and with 
the palatine, and take the place of the os planum. 

The lower edge of the parietal unites with the front part of 
tlie alisphenoid and with the ex-occipital, leaving a great infero- 
lateral space, which is filled up in front and above by the 
squamosal, and behind and below by the periotic. The squa- 
mosal is relatively a small bone, but the periotic and the 
tympanic, which are anchylosed with it, are very large. A 
Swollen pars mastoidea appears on the exterior of the skull, and 
is hollowed internally by a cavity which opens into the cranium, 
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and extends under the anterior and posterior verti(*al semi- 
circular canals. 

The tympanic forms a very thick hulla^ prolonged externally 
into an auditory meatus. It is firmly anchylosed with the pro- 
otic regions of the periotic and with the squamosal, but for the 
rest of its extent it is only, applied to, and not anchylosed with, 
tlie periotic. It is pierced by the carotid canal. 

The ancliylosed squamosal, periotic, and tympani(t are very 
easily detached from the walls of the skull, as is the premaxilla 
from the upper jaw. 

The skull of the Dugong [Halieore, Fig. 106) presents the 
peculiarities of the cranial conformation of Mammals of the 
order Sirenia in a very marked form. The basi-cranial axis is 
almost flat above, but very thick. The suture between the 
basi-occipital and the basi-sphenoid persists, but that between 
the basi-s})heiioid and the presphenoid is completely oblitm-ated, 
as is that between the presphenoid and the ethmoid, which last 


Fig. 1U6. 



Hg. 100. — LoiigituOincil and vertical section of the skull of a Uiigong (lldhoore Indiciis), 

has the form of a stout bony plate, with an almost vertical 
posterior edge, or crista galli. The upper median part of the 
iVontals is very narrow from before backwards, so that they cover 
not more than the posterior Jialf of the upper edge of the 
ethmoid, and appear but very little on the roof of the cranial 
cavity; laterally and below, they are much expanded, and 
produced forwards and outwards. The greater part of the roof 
of the skull is furnished by the pariotals, the longest antero- 
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posterior diameter of whi(*h bones is in the middle line, as tliey 
are not se|)arated, posteriorly, by the supra-occipital, or, ante- 
riorly, by tlie frontals. 

'J1ie orbito-splionoids are largo, and enter into the eoin- 
position of the front wall of, the sknll. The alisphenoids are 
also large, and contribute to the formation of the side walls, as 
well as of the base, of the skull. 

'ilm s^juamosal appears in the interior of the cranium between 
the parietal, supra-occipital, and periotic, with which last it is 
not anchylosed. 

The periotic, a large and dense ossification, has a very pecu- 
liar form, being divided into an inner portion, corresponding 
with the ]oars jyetrosa, and an outer i hick mass which answers to 
the teff men tymi^ani and j^ars masioidea. 

The tympanic is a mere ring of bone, open above, and having 
a thicker anterior than posterior crus. It is by the former that 
it is more especially attaelmd to the periotic, though the hinder 
thinner crus also becomes anchylosed with that bone. 

The srpiamosal unites behind and below with the ex-oc(‘ipitaI, 
but h‘aYes a space, superiorly, in which the jkivs mastoidea 
a})pears on the exterior of the skull. Tlie malar i)rocess of the 
squamosal is exceedingly thick, and extends i‘ar forwards as well 
as transversely outwards. The frontals send very large processes 
dowmvards and forwards, as in tlie Elephant and Tapir, which 
are not only met by the maxilla), as in the latter animal, but 
also meet, and indeed are C'overed by, the nasal pro(‘esses of the 
premaxillrn. The lachiymals are large, but imperforate. The 
jugals, thick and curved, are connected with them. 

The very small nasal bones are fixed by the greater part of 
their under surfaces to the anterior half of the ethmoid, beyond 
which they project but little, so that almost tlie whole of the 
vast anterior nasal aperture is, in the skeleton, uncovered. 
The premaxillae are enormous, and constitute a large propor- 
tion of the lateral margins of the upper jaw as well as the 
wliole of its anterior region. Their ascending, or nasal, processes 
are produced forwards instead of downwards, so that the point 
which corresponds with the spina nasalis anterior in Man is 
mairly on a level with the top of the head. The alveolar 
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process is even more largely developed, to contain tJie incisor 
tusks of the aniinal. 

The nmxillse, also large and prolonged forwards, have very 
thick and long palatine processes, separated by a wide incisive 
foramen from tlie premaxilla. The palatine process of tlie 
palatine is also very tliick, but it is shorter than deep, so that 
the posterior nares, wliich open behind it, are jdaced vertically 
under the hinder part of the anterior nares, in tlie dry skull. 
The vomer, thick and stout behind, thin and ridge-like in 
front and above, embraces the lower edge of the ethmoid, and 
is suturally united to both the palatines and the maxillaries. 

The skulls of the Sirenia have resemblances on the one side 
with those of the ungulate Mammals and Proloscidea ; on the 
other, with those of the Cetacea, but yet differ in many and 
most important respects from all. 

'’idle skulls of the Cetacea present more singular modifications 
than those of any other Mammalia, In all those animals, the basi- 
ciranial axis is concave superiorly, and the primitive separation 
between the basi-sphenoid and presphenoid persists for a long time. 

The vomer is very long, and extends backwards on the base 
of the skull at least as far as the basi-sphenoid, and sometimes 
covers the whole length of that bone. 

The ethmoid has its posterior edge perpendicular, or nearly 
so, to the basi-cranial axis, and the foramina for the exit of the 
olfactory nerve are small or obliterated. 

'rhc frontals enter but very little into the roof of the skull, 
largely into its anterior and lateral wnlLs. They are prolonged 
outwards and forwards into the long and broad supra-orbital 
processes, which are concave interiorly, where they form the 
rcrof of the orbital cavity. 

The parietals hardly appear at all, externally, upon the top 
of the skull, their median parts being obscured or interrupted 
by the inter-parietal and supra-oecipital. They occupy a large 
space, however, in the temporal fossm. ' 

Tlie ex-occipitals and supra-occipitals are enormous. The 
latter, usually increased by coalescence^ with the large inte)'- 
parietal, extcmd up to, or beyond, the vertex to im^et the 
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frontals. The orbito-sphenoid rikI alisphenoid vary in size. 
The squamosal is large, and is firmly fixed to the side of the 
skull, forming part of tlie wall of tlie cranial cavity. The 
periotic, usually anchylosed into one bone with the bullate 
tympanic, sometimes enters largely into the wall of the cranium, 
sometimes is almost altogether excluded therefrom by the 
parietal, alisphenoid, and other adjacent bones, winch send 
prolongations over it. 

Tlie maxillary apparatus is greatly elongated, so as to form 



Fig. 107. — Upper, under, and side views of the skidl of a fcetal Whalebone Whale [J?nhrn< 
australis). The jugal bones are absent. In the under view the palatine bone is acci- 
dentelly maiked Pt instead of PL 
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a kind of beak. The premaxilla^ enter into the upper and 
inner part of the whole length of this maxillary beak, but 
contribute little or nothing to its palatine surface and lateral 
boundaries, which are formed mainly by the jnaxilhe. The 
latter bones arc always prolonged over, or in front of, the 
siipra-orbital processes of the frontals. 

The imperforate lachrymal is small, and sometimes coalesces 
with the jugal. 

The nasal bones are always short, sometimes rudimentary ; 
and the palatine bones are so disposed that the posterior nares 
are situated almost vertically under the anterior nares. 

llie squamosal bones are produced outwards, and the pro- 
cesses thus formed approach, or come into contact witli, the 
posterior part of the supra-orbital processes of the frontals, 
wliitdi tliey separate from the jugal. Infniorly, these processes 
support the glenoidal facets for the condyle of the lower jaw. 

The sides of the broad basi-occipital are always prolonged 
downwards into free plates, which are (‘oncave outwards. These 
plates join the pterygoids in front, and the ex-occi])itals behind, 
and so constitute the inner and posterior walls of an auditory 
chamber, the anterior and outer boundaries of whi(di are fur- 
nished by the alisphenoid and the scpiamosal. In this chamber 
the tympano-periotic is lodged, sometimes quite loosely, at 
others fixed firmly in by interlocking sutures. 

In the Baldsnoidea, or “ Whalebone Wliales,’' the symmetry of 
the skull is undisturbed, though there may be a slight inequality 
of the maxillm. The skull of the fcetal Balama australky repre- 
sented in Fig. 107, is perfectly symmetrical. Each lateral edge 
of the broad and fl^t basi-occipital is prolonged downwards and 
outwards into a broad process, concave outwards and convex 
inwards, the inferior edge of which is free, while the hinder edge 
unites with the ex-occipital, and the front edge with the ptery- 
goid, to form the inner wall of the funnel-shaped chamber which 
lodges the tympano-periotic bone. 

In front, this chamber is bounded by the pterygoid and the 
squamosal, and between and above them, for a small space, by 
the alisphenoid ; behind, it is constituted almost entirely by the 
ex-occipital, while, externally and above, it is bounded and roofed 
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in by the squamosal. Between these bones there is left, at the 
apex of the chamber, a considerable irregular aperture, which 
communicates with the cranial cavity. 

'Jlie anterior and outer part of the under-surface of tlie 
squamosal is produced downwards into a great trihedral pillar, 
the obliquely truncated inferior face of which bears the articular 
surface for the mandible (6r/, Fig. 107). Behind tliis the squa- 
mosal presents a compai-atively low wedge-shaped I’idgo {a, 
Fig. 108), between which and tlie “trihedral pillar” is a groove; 

while behind it, or between it and 
the ex-occipital, there is a deeper 
and wider transverse channel. 

The periotic bone is irregu- 
larly triangular ; the apex of the 
triangle, turned inwards and for- 
waixls, is thick and rounded, the 
anterior, posterior, and outer edges 
being thinner and more or loss 
irregular. I'he up 2 :)er smooth and 
(‘oncavo-convox surface of the 
periotic adjusts itseif to the under- 
surface of the squamosal, where it 
forms the roof of the funnel-shaped 
cavity. The apex of the periotic, 
however, projects beyond this, and 
incompletely divides the irregular aperture above mentioned 
(6, Fig. 108) into an anterior division, which corresponds Avith 
i\ie foramen ovale and foramen lacerum medvam, and a poste- 
rior which answers to a foramen lacerim poster ins. 

The under-surface of the periotic, much more irregular, is 
divisible into tliree regions: an outer anterior; an outer pos- 
terior; an iiiteimal. The first and second are separated by a 
deep triangular notch in the outer margin of the bone, into 
Avliich the inner end of the wedge-shaped ridge of the squamosal 
is received. The first, broad and short (PrO)^ presents a rough 
surfiice in front, with which the tympanic articulates, and 
eventually anchyloses ; and behind, a concave surface, which, 
entering into the roof of the tympanic cavity, answers to the 



Fig. lUS. — Kiilaiged view of'the chamber 
which lodges the left tjmpano-periotic 
bone of the ftetal BaUrn 'i anstrah’s . — 
((, the “ wedge-sliaped jddgo of the 
.sfpiamosai ; C, the aperture which 
leads into the interior of the skull ; 
/.o, fenestra rotunda. 
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tegmen tympani. The secoiKl, narrower, eloiigatcti, and prismatic, 
fits into the transverse channel beliind the wedge-shaped pro- 
cess (a). It corresponds with the pars mastoidea, and its rough 
outer extremity appears on the exterior of the skull, between 
the squamosal and ex-occipital. 

The internal division, convex and rounded below, is formed 
by the pro-otic and opisthotic, and presents a largo promontory 
with thejenesira rotunda (f.o) on its posterior surface, while the 
fenestra, ovalis and Fallopian canal are visible^ upon its exteilor. 
The tympanic bone (Fig. 109, Ty) is large, and scroll-like in 
form, very thick internally and below, and thin above and 
externally, where it presents the a])crture of the external audi- 
tory meatus. It is by this thin upper and outer edge only, that 
it eventually anchyloses with the tegmen tympani and pars 
mastoidea, and hence, as its substance is very dense and brittle, 
readily breaks off. 

In the adult Whale the tegmen tympani and pars mastoidea 


Fiir. 109. 



flora within; the lower, from without. 
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become greatly elongated and very rugged, the tympanic also 
acquiring a very large size (Fig. 109). 

The vomer is a very long and large bone, deeply grooved 
above for the ethmoidal cartilage, which extends downwards 
and forAvards between the premaxillaR and the maxilla) to near 
the anterior end of the snout. Its expanded uj)per and pos- 
terior end unites with the basi-sphenoid in the middle line, and 
Avitli the pterygoid laterally. In front of the basi-splienoid it 
embraces, not a distinct presplicnoid (as in Fterohalaina, accord- 
ing to Eschricht), but the inferior surfoces of the orbito- 
sphenoids, Avhich are very thick ; . and, being applied together 
by their flat median faces, apparently replace the proper pre- 
sphenoid. 

Both these bones and the alisphenoids are small, and almost 
confined to the base of the skull. 

The supra-occipital and inter-parietal are united together, 
and completely overlap and hide the parietals in the roof of the 
skull. The separate frontals only enter into the anterior Avail 
of the skull, and betAVceii them and the orbito-sphenoids an oval 
aperture is left, doubtless diminished in the recent state by tlie 
ethmoidal cartilage. Laterally, the frontals are prolonged 
outwards and backwards into tw'o great supra-orbital processes, 
Avhieh nearly meet the zygomatic processes of the squamosal. 
The short jugal bones, absent in the specimen figured, extend in 
the Balscnoidea from the zygomatic process to the anterior and 
external angles of tlie supra-orbital j)rolongations, and are dis- 
tinct from the lachrymals. 

Tlie pterygoids arc completely separated by the palatines 
(Fig. 107). In front of the latter the maxilhe almost Avholly ex- 
clude the prefnaxillaries from the palate, while they send great 
processes obliquely outwards and backwards, in front of the 
supra-orbital prolongations of the frontal. The long premaxillic, 
on the other hand, pass upwards and backAvards on each side of 
the elongated and symmetrical nasals to meet the frontals, and 
exclude the maxillae altogether frqppi the anterior nares. 

The rami of the loAver jaiv are very narrow, and so much 
arched outwards as to be able to enclose the baleen plates 
attached to the upper jaAV when the mouth is shut. 



THE SKULLS OF MAMMALIA. 


275 


Esohricht lias described, with much care, the changes which 
the skulls of the Balmnoidea undergo in passing from the fcetal 
to tlie adult condition, justly remarking that the skull of even 
a large foetus is more different from that of the adult, than the 
skulls of distinct species of the same genus of Whales are from 
one another. 

The growth of the walls of the cranial cavity relatively to 
that of the external prolongatiojis of tlie cranial bones and to 



lig. no.' — ’A, upper, B, under, and C, side views of the skull ot a foetal Cachalot in the 
Museum of the Royal College of Surgeons. The nasal bones are not lepreseuied in 
Fig. A.~A' left, A" right, nostril. The hinder extremity of the jugal, Ju, has fallen 
down from its natural connection with the zygomatic process of the squamosal. 

T 2 
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that of the jaws, is soon arrested, and in addition the position 
and relations of some of the cranial bones become altered. In 
the smallest foetuses of the lesser Fin-back {Pterohalmia minor), 
for example, tlie parietal region is occupied by the inter- 
parietal bone and the great fontanelle which lies in front of it. 
In larger foetuses the fontanelle becomes closed by the progressive 
backward growth of the frontals, but the extension of the bones 
does not cease with their contact. The parietals grow over the 
inter-parietal and spread over it until they meet in the middle 
line. Hence the inter-parietal is eventually visible only in the 
interior of the skull. Anteriorly, the parietals grow over the 
frontals almost to the same level as the nasals, and thus conceal 
the share which the frontals take in the formation of the roof of 
the skull. But, at the same time, the supra-occi])ital extends 
from behind over the parietals ; so that, at length, in that region 
which, in the youngest foetus, was covered only by the inter- 
parietal, three bones — the inter-parietal, parietal, and supra- 
occipital — are superimposed. 

The skulls of the other great division of the Cetacea, the 
Delphmoidea — or Dolphins, Porpoises, and Cachalots — arc almost 
all distinguished by their very marked asymmetry. 

In the Cachalot, or si^ermaceti Whale (iV<tysc/cr), for example, 
the right j^remaxilla is much longer than the left, extending far 
back upon the right frontal, while the left does not reach the 
left frontal ; the left nostril, on the other hand, is much more 
spacious than the right (Fig. 110, A). On the base of the skull 
(Fig. 110, B) the pterygoid bones unite in the middle lino and 
prolong the palate, as in Myrmecoj)liaga and Ornithorhynchus. 
When they and the palatine bones arc removcid, the axis of the 
lower part of the ethmoid is seen to continue that of the basi- 
cranial bones, which are, as usual, cpiite symmetrical. Supe- 
riorly, however, the ethmoidal plate is twisted over to the left 
side, and deeply grooved on the right side to form the inner 
wall of the small right nostril. 

The vomer, which embraces the ethmoid and the presphenoid 
below, is also asymmetrical }) 08 teriorly, presenting a long and 
shallow lateral excavation, on the left side, and a short and deep 
one on the right. The maxillm are correspondingly unsym- 
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metrical in the region of tlie nasal aperture, but elseAvhere they 
are pretty nearly symmetrical. But it is the nasal bones whicli 
exhibit the greatest distortion, tlie left and right being very 
unequal in size and dissimilar in form. 

Tiie jugal and the lachrymal commonly become anchylosed. 

The basi-occipital, as in the Balmioidea, gives off a lateral 
downward process, which unites, behind (Fig. Ill), with an out- 


Fig. 111. 



Fig. 111. — Longitudinal and vertical section of the skull of the White Whale or Beluga 
( Delphi na})tenLs). * marks a distinct bony clement interposed between the alisphenoid, 
the parietal, and basi-cranial axis; a, the ossified falx. 

ward prolongation of the ex-occipital, and, in front, with the 
pterygoid, to constitute the inner wall of a deep chamber for the 
tympano-poriotic. But the roof of tliis chamber is chiefly 
formed by tlio very large alisphenoid, which extends outwards 
to unite witli the frontals, parictals, and sqiiamosals, and back- 
wards to the ex-occi])itals. The aperture which is left between 
the hinder edge of the a1is})henoid, the ex-occipital, basi-occipital, 
and basi-sphenoid, is exceedingly small, so that tlie tympano- 
periotic is still more shut out from the cranial cavity than in 
Balasiia, In Hyperoodon and Orea the aperture is still further 
reduced ; but this peculiarity cannot bo said to be a distinctive 
character of the Delphinoid skull, as in Platanista the aperture 
is large, and the periotic appears in the interior of the cranial 
cavity in the ordinary way. 
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LECTURE .XIV. 

ON THE STKUCTUEE OF THE VERTEimATE SKULIv. 

THE THEORY OP THE VERTEBRATE SKULL. 

In the preceding Lectures I have, as far as possible, confined 
myself to a statement of matters of fact, and to the conclusions 
which immediately flow from the application of a very simple 
method of interpretation to the facts. That metliod of interpre- 
tation is based upon tlie principle that, in any two skulls, those 
parts which are identical in tlicir principal relations in the adult 
state, and in the mode in Avliich they reach this state (or in 
tlieir development) are corresponding, or homologous, parts, and 
need to be denominated by tlie same terms. 

By the ap[)licatiou of tliis method it Ijas been possible to 
demonstrate the existence of a fundamental unity of organiza- 
tion in all vertebrate skulls ; and, furthermore, to prove that 
all bony skulls, however much they may differ in appearance, 
are organized upon a common plan, no imjiortant bone exist- 
ing in the highest vertebrate skull which is not recognisable in 
the lowest comiiletely ossified cranium. 

The enunciation of these results alone is a Theory of the 
Skull,” but it is by no means what is commonly understood as 
the theory of the skull. 

For it will be observed that the statement just put forth 
confines itself to a simple generalization of the observed facts 
of cranial structure, and would be perfectly complete were the 
skull a self-subsi stent structure, devoid of any connection with a 
trunk. On the other hand, that doctrine to which the title of 
'‘The Theory of the Skull” is ordinarily applied, embraces not 
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only such a generalized statement of the facts of cranial structure 
as this, but adds a Iiypothesis respecting the relations of the 
skull to the spinal column. It assumes that the bony cranium (the 
cartilaginous and membranous states of the cranium it usually 
ignores) is composed of elements homologous with those which 
enter into the structure of the spinal column ; that, in fact, it 
consists of modified vertebrae And it is commonly conceived 
that it is the doctrine of the unity of structure of the skull and 
of the vertebral column, rather than the demonstration of tlio 
unity of organization of skulls, which is one of the cliiof glories 
of morphology. 

The assumption that every skull repeats tlio organization of 
the trunk and consists of a certain number of modified vertebrae, 
evidently implies a belief in the unity of organization of skulls ; 
but it is to be carefully noted that the converse proposition does 
not hold good ; for it is quite possible to hold that all skulls arc 
modifications of one fundamental plan, while wholly disbelieving 
that plan to be similar to the plan of a vertebral column. 

Looking broadly at the history of the tlieory of the skull 
fusing the phrase in its widest sense), I note three great lines 
of inquiry which have brought that theory into its present 
condition, — the first originated by Oken and Goethe ; the 
second, not originated, perhaps, but chiefly fostered and deve- 
loped by Geolfroy St. Hilaire and Cuvier ; the third, originated, 
and almost exclusively worked out, by Reichert, Katlike, and 
their followers among the embryologists of Germany and 
England. 

I. I have united the names of Goethe and of Oken as the 
originators of the hypothesis of the vertebral structure of the 
skull, as a matter of equity, and to aid in redeeming a great 
name from undeserved obloquy; though, in strict technical 
justice, the claim of the one to priority lapsed through lack of 
publication. 

Goethe combined with a fervid creative genius, which has 
placed him on a level with the greatest poets ot all ages, so 
much of observational acuteness and of intellectual precision 
as might have sufSced for the equipnient ot a well-reputed 
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iBaii of science. From his youth up, passionately devoted to 
the natural seieiiccs, more especially to botany and to osteology ; 
and induced by the Iiabit of his mind to search for the general 
truths whicli give life to the dry bones of detail, Goethe had 
been led to drink deeply of the spirit of morphology, during 
his study of the metamorphosis of plants and his successful 
searcli after tlie premaxillary bones of man, imagined, before 
liis time, to be wanting. With a mind thus prepared, it was 
no wonder that, as Goethe writes, the notion of the vertebral 
composition of the skull had early dawned upon him : — . 

The three liindcrmost parts I knew before, but it was only 
in 171)1, on picking up anhld and broken sheep’s skull amidst 
tlie sandy dunes of the JeAvish cemetery in Venice, that I per- 
ceived the fac'lal bones also to be made up of great vertebrm ; 
and observing, as I clearly did, the gradual passage from tlie 
first pterygoid bone to the ethmoid bone and to the spongy 
bones, the whole became plain.” 

Not improbably deterred, however, by the many difficulties 
which must liave presented themselves to him, in attempting to 
carry out tliese vicAvs Avith due scientific sobriety, Goethe kept 
them to himself, or shared them only with his immediate 
friends, for thirty years ; tlie passage cited, in which they are 
first mentioned, bearing the date of 1820. 

But, in 1807, Lorenz Oken independently originated and, 
what is more to the point, published, those views of the verte- 
bral com])osition of the skull wliich have since attained such 
world-wide celebrity ; so that tlie great poet’s silent partner- 
' ship in the affair Avould be hardly Avortli mentioning were it not 
that his reticence has been made the ground of severe attacks 
upon his honour and veracity. It has been suggested that 
Goethe, lull of years and of lionours, thouglit it worth while to 
attempt to steal from the young Professor of Jena the fame that 
had accrued to him. And upon the infamy of such petty 
larceny the poet’s latest accuser has heaped the insinuation 
that the author of Faust ” and of ‘‘Meister” Avas so stupid a 
plagiarist, as to copy, not only Okeii’s views, but Iiis account of 
the manner in Avbich he came by them. 

Vaguely and strangely, however, as Oken had blended the 
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idea with his a priori conception of the nature of the head, the 
chance of appropriating it seems to have overcome the moral 
sense — tlie least developed element in the spiritual nature — of 
Goethe, unless the poet deceived liimself/’* 

The circumstances under which the poet, in 1820, narrates 
liaving become inspired with the original idea arc suspiciously 
analogous to those described by Oken in 1807, as ])roducing 
the same effect on his mind/’f 

It would be diflicult to couch an offensive accusation in 
stronger phraseology than this ; but, by a singular chance, the 
scientific morality of its object has recently been fully vin- 
dicated, Goethe, when in Italy, kept up a correspondence 
with the family of his friend Herder. His letters have been 
published, and in one addressed to Madame Herder, and dated 
May 4, 1790, this passage occurs : — 

By the oddest, happy chance, my servant picked up a bit 
of an animals skull in the Jews’ Cemetery at Venice, and, by 
way of a joke, held it out to me as if he were offering me a 
Jews skull. I have made a great step in the explanation of 
the formation of animals.” 

Can it be doubted that this great step ” is exactly that 
vertebral theory of which Goethe says, writing in 1820, he had 
as clear a view 'nhh*ty years ago?” It is to be hoped that 
this evidence, which Professor Virchow has so strikingly put 
forward, will henceforward silence even the most virulent of 
Goethe’s detractors, although a careful perusal of the arguments 
used by Mr. Lewes, in his Life of Goethe,” might have already 
sufficed those who were open to conviction. 

The idea, which dropped still-born from Goethe’s mind, 
was, as I have said, conceived afresh by Oken, and came 
vigorously into the world in that remarkable discourse (occupy- 
ing in print about fourteen quarto pages) with which he 
inaugurated his professorial lal)ours at Jena. 

It is hard to form a just judgment of this singular man ; and, 
I must confess, I never read his works without thinking of the 

* “ Encyclopaedia Britaniiica,” eighth edition, vol. xvi., p. 501 ; article, 
“ Oken.” . t lUd.y P- 501. 
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epitliet of inspired idiot,” applied to our own Goldsmith : so 
strange is the mixture of insight and knowledge with what, to 
my apprehension, is mere “ sound and fury, signifying nothing.” 
But the ‘‘Programm” contains far more of the former and 
less of the latter ingredient than is usually noticeable in Oken’s 
lucubrations, and it appears to me to be, at the present moment, 
by fiir the best specimen extant of the style of speculation about 
the skull, characteristic of the school which Oken originated. 
Indeed, if for the term cranial vertebrae,” cranial segments ” 
be substituted, I do not know that the plan of composition of the 
osseous brain-case can be better described than in the language 
which I shall now quote,* 

The “ ProgTamm ” opens thus: — 

‘‘A vesicle ossifies, and it is a vertebra. A vesicle elongates 
into a tube, becomes jointed, ossifies, and it is a vertebral 
column. The tube gives off (according to laws) blind lateral 
canals; they ossify, and it is a trunk skeleton. This skeleton 
repeats itself at the two poles, each pole repeats itself in the 
other, and they are head and pelvis. The skeleton is only a 
developed {aiifgeimchsenes), ramified, repeated, vertebra ; and a 
vertebra is the preformed germ of the skeleton. The entire 
man is only a vertebra. 

L 

Take a lamb’s skull, separate from it those bones which 
are considered to bo liicial, and those bones of the cerebral cap- 
sule whicli take no share in the base, such as the frontal bones, 
the parietal bones, the ethmoid and the temporal bone, and 
there remains a bony column, which every anatomist will at 
once recognise to be three bodies of some sort of vertebrm, with 
their lateral processes and foramina. Replace the bones of the 
cerebral capsule, with the exception of the t^^mporal bones 
(for the cavity is closed without these), and you have a vertebral 
column, which is distinguished from the true one only by its 
expanded spinal canal. As the brain is the spinal marrow 
more voluminously developed [in relation] to more powerful 
organs, so the brain-case is a more voluminous spinal column. 

^ “ Ueber die Bedcutiiiig der Schiidelknochen. Ein Prograinm beiin Antriit 
der I^rofessiir an dor Gesammt-Universitat-boi Jena.” Von Dj*. Oken. Jena. 1807. 
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‘‘ If there are three vertebral bodies in the brain-ease, there 
must be as many vertebral arches. These are to be sought 
out and demonstrated. 

‘‘ You see the sphenoid separated into two vertebrre : through 
the first one pass the optic nerves, through the hinder the 
nerves of the jaws (par .trigeminum). I term the former the 
Eye verteb7*a, the latter ther Jatv vertebra. Against this last 
abuts the basilar process of the occipital bone with the'^petrous 
bone. The two form one whole. As the optic nerve traverses 
tlie Eye vertebra, and the jaw nerve the Jaw vertebra, so the 
hindermost vertebra is related to the auditory nerve. I there- 
fore term it the Ear vertebra. Again, tins is the first cephalic ver- 
tebra ; the precedent, the second ; and the eye vertebra, the third. 
It has given me unspeakable trouble to make out wliether 
tlie petrous bone belongs to the first or to the second cejduilic 
vertebra. Before I had taken into account the relations of 
the nerves, vessels, and muscles, my decision was based only 
upon the structure of the skulls of Birds, liizards, and Chelonia ; 
but now I have fortified it by a multitude of concurrent argu- 
ments, of which I will state only a few in this place. 

You will have observed, in fact, that each of the two anterior 
vertebrae has appropriated a sense. (As the jaws end in tlie 
lips, I reckon them also among the [organs of] sense, and I 
shall demonstrate that they are so, and how they are so.) Now, 
if the petrous bones belonged to the jaw vertelrra, one vertebra 
would give off nerves to the sensory organs, wliilo the first 
vertebra would be sent empty awiay. True, it transmits nerves 
to the tongue, but these arc variable ; and it will be shown in 
the sequel that neither tongue nor nose have, or can have, a 
proper vertebra. Lastly, in Lizards, the auditory apparatus lies 
distinctly in the occipital bone. 

The cephalic vertebrae are, therefore, sensory vertehrm, and 
only exist in correspondence with the [cephalic] senses. (The 
tongue and the nose are trunk senses, of which presently.) 
Vertebral divisions and cephalic sensory nerves go parallel 
with one another. Bones are the earthly, haixiened nervous 
system ; nerves are the spiritual, soft, osseous system -cew- 
tinens and eontentmn. 
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Between the splieuoid and occipital bones, between the 
sphenoid and pc4roiis bones, between the parietals (the tem- 
poral bones are away) and tlie occipital bone, draw a line, and 
you have marked off tlie first vertebra. Draw another line 
between the two splienoids, or, in Man, in front of the ptery- 
goid processes ; laterally, through the Jissura orhitalis in front 
of the alix< magniB ; lastly, between the frontals and the parietals, 
and you have the second vertebra separated from the last. 

jSfow, take tlie ear vertebra of a fmtus of any Mammal 
dr of a Man ; place besi<lo it an incompletely-developed dorsal 
vertebra, or the third cervical vertebra of a Crocodile, and 
compare the parts of which the two are composed — their forms, 
their contents, and the exits of the nerves. 

‘‘ A(‘cording to Albinus and all anatomists, each vertebra 
of a hetus consists of three separate pieces — the body and the 
two arches, which together form the spinous, transverse, and 
oblique processes. You have the same in the occipital bone, 
only more distinct and separate. The pars hasilaris is a 
corpus vertehrm still more separated from the condyloid parts, 
Avhicb form tlie latei’al regions ; these are again separated 
from the •occipitalis, which forms the spinous process. In 
tact, this part itself is often split again, like the spinous pro- 
cesses in sjnna hijida, Tlie occipital bone, therefore, is decom- 
posable, according to the mode of its origin, into five pieces, 
since the lateral, or articular, and the spinous parts appear as 
independeJit developments ; as is found also in actual vertebra?, 
which consist of five pieces, and in the third cervical vertebra of 
the Crocodile. Finally, I need take no further pains to prove 
that the occipital foramen is the lower aperture of a vertebral 
canal ; that the foramen lacerum is an inter- vertebral foramen, 
and the occdpital protuberance is a spinous process ; that, there- 
fore, the occipital bone, in respect of form, as of function (since 
it encloses the cerebellum, as a continuation of the spinal 
marrow), is in every sense a true vertebra, since the mere 
naming of these parts is enongli to cause their recognition as 
such. 

‘'You will think I have forgotten the petrous bone. No! 
It seems not to belong to the vertebra) as such, but to be the 
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sensory organ in which the vertebral— the auditory— neiwe 
loses itself, and, tljcrefore, to^be an organ as completely sepa- 
rated from vertebral production as any other visciis, or as the 
ball of the eye ; the deception lies only in this, that it is the 
essence of this organ to be ossified, as it is that of the eye to be 
crystalline. 

The mastoid process is, in animals, and also in the human 
foetus, .a proper bone, in which the styloid process lies. It is 
plainly inserted into the first vertebra, but it receives its signi- 
fication from the tongue. 

“2. Having entered so fully into the discussion of the first 
cephalic vertebra, I might, except for clearness’ sake, spare you 
any delay over the second. But I will also demonstrate in tliis 
how completely the brain-case is formed according to the idea of 
a vertebra, and has even been partially produced as such. 

In every skull of a foetus you may find the alw orhiiales 
of the sphenoid separate from it. They belong to the third 
vertebra. But, in the half-developed feetus, the great wings 
and the pterygoid processes are also separate from the body of 
the sphenoid. ITie last-mentioned process(‘S are foreign to the 
sphenoid, and only coalesced with it; they belong to (jiiite 
another formation, and very probably have the same significa- 
tion as the os ornoideum of the Bird’s head, as Cuvier has already 
indicated. I sliall return to them. 

“ There remain, therefore, for the posterior sphenoid, or the 
jaw vertebra, three portions of bone — tlie body and the great 
wings, or the lateral and oblicpie processes of the vertebra. 
The spinous processes are formed by the two parietals, which, 
in many animals, coalesce so as to leave no suture, but are yet 
originally two. It is to be remarked that, in the Sheep, this 
vertebra is closed by the bones in (piestion, without the inter- 
mediation of the temporal, which also does not belong to the 
vertebral group. The same occurs in the Chelonian, the 
Crocodile, &c. 

‘‘ 3. Whoso has recognised the second vertebra, as such, need 
only ‘loob at the third, especially in Ruminants, to discover 
quite the same structure. The anterior sphenoid with the 
cdsB orhitales represents the body, together with the lateral pro- 
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cesses ; tlie two frontals form the spinous process, together with 
its lateral parts. 

Tlie sphenoid is separated into two vorlcbne, not merely in 
the human foetus and in Ituininants, but also in the Apes, in 
Bradypus iridaciylus^ Dasypiis novemcinctus, Idog, Wolf, Bear, 
Otter, Eodents, and probably in all Mammals, if examined in a 
sufficiently young state. The law is tlicrefore universal. 

The inter-vertebral foramina are very well marked between 
these vertebra}. A deviation seems to exist, on account of the 
foramina which lie in front of the first cej)halic v(n*tebra, namely, 
the foramen caroticmi and lacerum, concerning which I must 
leave it undecided, whether they are originally two, or only one 
which has become separated. On this point evidence enough is 
to be found among animals. The organ of hearing has here 
interposed itself. On the other hand, it is characteristic of the 
cephalic vertebrm that their sides are perforated by nerves, — 
by the optic nervt‘, the jaw nerves, and the hy[)Oglossus, if we 
reckon the auditory and facial nerves as inter-vertebral nerves : 
a circumstance which demands further inquiry. 

‘‘So much of the cephalic vertebral column. I might liave 
been able to treat mme fully and tlioroughly of it, and to have 
indicated the nerves, veins, and muscles, which in the head cor- 
respond to those of the trunk, and the like for the bones ; but 
in a programme one must be content with merely putting forth 
ones view of a question, 

“JL 

“If the cerebral capsule is the repetition of the spinal 
column, only more expanded and organized (I speak as an 
anatomist), the head must repeat the outgrowths of the spinal 
column, the thorax, the pelvis, and the limbs; and, indeed, 
thereby must it attain completeness, 

“By this union of the representatives of all the bones of the 
trunk arises the wonderful, but yet analysable, mixture and 
iiitercurrence of formations which ap])ear as the facial bones. 
The sj)inal column becomes the brain-case ; the walls of tlie 
tmnk, with the extremities, become the face.’' • 

In developing this idea, Oken arrives at the conclusion that 
the nasal cavity is the thorax of the head, and the oral cavity 
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the abdomen of the head. Tlie squamosal is the conjoined 
scapula and ilium of the head ; the pterygoid, the clavicle ; the 
hyoidean apparatus, the other })clvic bones. The pigal arch 
represents the humerus, radius, and ulna; the maxilla, the 
hand ; the premaxilla, the thumb ; the teeth, the fingers. The 
lower jaw represents the .legs of the head; the teeth the toes; 
and, of all imaginable hypotheses, the styloid processes are the 
sacrum of the head ! 

Keasons, worthy of the name, for these identifications are 
not to be found in the '' Programm.” Oken, having assumed 
once for all, that, as the brain-case repeats the spinal canal, the 
facial bones must repeat the other appendages of a vertebral 
column and the limbs, seems to have troubled himself no fur- 
ther about demonstration. What a bone should l>e, in order to 
fit plausibly into his s(*heme, that it was at once settled to be — 
an appeal to the “ idea ’’ dispersing all doubts. 

A few years later Oken modified his original conception so 
far as to regard the nasal apparatus as a fourth vertebra. 

Whatever may be thought about the more speeulativo pas- 
sages of the extract above cited from Oken’s work, and of his 
d priori conception of what a skull must be, it contains ample 
evidence that he did, d poster iori and inductively, demonstrate 
the segmented character of the bony brain-case; and liad 
nothing more ever been written on the subject, this grout truth 
would have remained as a splendid contribution to morphology. 
P>ut Oken greatly amplified the obse3rvational basis ol his own 
doctrine ; Spix took it up, in a modified form, and worked it out, 
in his own way, through the series of the Vertehrata in his great 
illustrated Cephalogenesis,” published in 1815 ; Ilojanus did 
the like in the pages of the ‘‘ Isis,” and in the Parergon ” of 
his splendid monograph, the “Anatome Testudinis;” and, 
finally, C. G. Cams developed the doctrine, as iar as it could 
well go, both a priori and a posteriori^ in his ‘^Urtheilen des 
Knochen imd Schalen-Gcrustes,” published in 1828 ; in which, 
under the names of “ Grund-form ” and ‘‘ Schema, we have, 
among other things, “ archetypal ” diagrams of the Vertehrata 
generally, and of each vertebrate class. 

Under these circumstances, the following passage, extracted 
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from the article in the “Encyclopaedia Britannica” already 
cited {supra, p. 281), may not improbably excite in other minds 
as much astonishment as it has in mine : — 

“As to the question of the superiority of the deductive over 
the inductive method of philosophy, as illustrated by the witings 
of Oken, his bold axiom that heat is but a inode of motion of 
light, and the idea broached in his essay on " Generation^ 
(1805), viz., that ‘ all the parts of higher animals are made up 
of an aggregate of Infusoria, or aggregated globular Monads,’ 
are both of the same order as his proposition of tlie head being 
a repetition of the trunk, with its vertebrse and limbs. Science 
would have profited no more from tlie one idea without the 
subsequent experimental discoveries of Oersted and Faraday, or 
by the other, without the microscopical observations of Brown, 
Schleiden, and Schwann, than from the third notion, without 
the inductive demonstration of the segmental constitution of the 
skull by Owen. It is questionable, indeed, whether in either 
case the discoverers of tlie true theories were excited to their 
labours, or in any way influenced, by the a priori guesses of 
Oken; more probable is it that the requisite researches and 
genuine deductions therefrom were the results of the correlated 
fitness of the stage of the science, and the gifts of its true culti- 
vators at such partic'ular stage.” — P. 502. 

Tims does the moralist upon Goethf/s supposed delin- 
quencies think it just to depreciate the merits of Oken, and 
exalt his own, in the year 1858. But if he himself had not 
been “in any way influenced” by Oken, and if the “Pro- 
gramm ” is a mere mass of “ a priori guesses,” how’ comes it 
that only three years before Mr. Owen could write thus ? ^ 

“ Oken, ce genie profond et pendtrant, fut le premier qiii 
entrevit la verite, guide par riieureuse idee de rarrangement 
des os craniens en segments, comme ceiix du rachis, appeles 
vertebres.’ 

And, after sundry extracts fi*om Oken s “ Programm,” could 
continue : — 

“Ceci servira pour exemple d’un examen scrupuleux des 

* “Principea d’Osteologie comparee, ou Rcclierohos sm* TArcMlype et ks 
Homologies du Squolette vertebre.” — ^P. 155. 1855. 
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faits, (rune appreciation pliilosoph](£iu‘ do lenrs relations et 
analogies, on un mot de I’esprit dans lequel Oken ddt(nTnine les 
relations vertiibrales dos os dn crane.” — P. 158. 

And again : — 

Quand on commen^a a apprecier la verite de la generali- 
sation d’Okcn, on se rappela, commo c/est riiabitiide, quo 

quelqn’un avail eu un idde a pen pr6s semblable 

Mais toutes ces anticipations ne sauraient enlovor a Oken le 

merite de la premiere proposition definie (rune tli( 3 orie.” 

P. 161. 

Tlie space at present occupied by the proclamation of the 
weakness of the moral sense ” of Ooethe may not unfitly be 
taken up, in the next edition of tlie Encyclopaidia Britaunica,” 
by the extrication of the author of the article ^^Oken/’ from the 
singular dilemma in which these citations place him. 

The fact is, tliat, so far from not having been in any way 
influenced” by Oken, Professor Owen’s own contributions to 
this question, are the merest Okenism, remayiie. In the work 
I have cited, not a single fact, nor a single argument, can be 
found by which the doctrine of tlie segmentation of the skull 
is placed on a firmer foundation than that built by Oken. 
Two novel speculations are indeed brought forward, the one 
of which confuses the petrosal (in the Cuvierian sense) of the 
lower Veriehrata with the homologue of the alisphenoid of Alan, 
and, consequently, would, if adopted, throw the whole subject 
into hopeless chaos ; while the (dh(3r — the suj)position that the 
fore limb is an appendage of the head — can only be explained 
by that entire want of any acquaintance with, or appreciation of 
the value of, embryology which al) the writings of the same 
author display. 

II. The great works of Spix and Bojanus contain, apart 
from the theory which they attempted to establish, abiindant 
cvidence of the unity of composition of the bony skull, but it 
was Geofifroy St. Hilaire and, more especially, Cuvier, who 
demonstrated that unity of organization, apart from all hypo- 
theses, most thoroughly and completely. The fresher one’s 
study of the writings of the wilder Okenians — the more one has 

u 
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become weary of wading through empty speculations upon 

connatioii ’’ and ^^coalescence,” ‘^irrelative repetition” and 
“ transposition,” the Dei ex maclmia who arc called in to solve 
every difficulty — the more heartily does one sympathise with 
the sarcastic vigour with which Cuvier annihilates the products 
of their exuberant fancy in the notes to the “Osseinens Fos- 
siles,” and the “Histoire Naturellc des Poissons.” Nor is it 
possible to peruse without admii*ation the sagacious reason- 
ings by which he wa»^ led to determinations which, in the 
majority of cases, hav^ been accepted by those who have fol- 
lowed him. 

Meckel, Kdstlin, in his elaborate and valuable special work 
on the Vertebrate Skull, and Hallmann, in his excellent essay 
on the Temporal Bone, have built on Chivier’s foundations, 
applying further and, in some cases, bettering, his determinations 
of the homologues of particular bones. No one can study these 
works carefully and retain a doubt tliat osseous skulls are con- 
structed upon a uniform plan, though he may, with Cuvier, give 
but a hesitating and grudging assent to the notion that it is, in 
some sense, a modified vertebral column. 

III. Tliat criterion of the truth or falsehood of tlie vertebral 
theory of the skull, for which the Okouians do not think it 
necessary to look, and which Cuvier seems to liave sought in 
vain, has been furnished by the investigations of the embry- 
ologists from the year 1887 to the present time. 

The first step was the discovery of the visceral arclies by 
Eeichert ; the second, the demonstration of the mode of develop- 
ment of the skull, in all classes of the Vertehrata, liy the remark- 
able researches of Rathke, contained in the “ Vierter Boricht 
liber das Naturwissenschaftliche Seminar bei der Universitat zii 
Konigsberg,” which was published in 1839, I will quote Rathke’s 
statement of his conclusions at length, so that we may have the 
means of fairly comparing his mode of going to work with that 
of Oken : — 

“The following results, among others, are deduciblefromtlio 
observations which have been detailed : — 

“ (1.) At the earliest period of fcetal life the notochord ex- 
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tends backwards, as far as the end of the body ; forwards, only 
to tlie interspace between the auditory capsules. 

'^(2.) The gelatinous investing mass, which, at first, seems 
only to constitute a band to the right and to the left of the 
notochord, forms around it, in the further course of development, 
a sheath, which ends in a point posteriorly. Anteriorly, it sends 
out two xn' 0 (‘esses which underlie the lateral parts of the skull, 
but very soon coalesce for a longer or shorter distance. Pos- 
teriorly, tlie sheath* projects but little^^beyond the notochord ; 
but, anteriorly, for a considerable distance, as far as the iiifun- 
dibulum. It sends upwards two j^lates^ which canbrace the 
future central parts of the nervous system latemlly, ja-obably 
throughout their entire lengtli. 

(3.) The investing mass of the notochord is the material 
out of which the vertebral column and a great ])art of the skull, 
though not the whole skull, arc developed. 

(4.) The most essrmtial part of a vcrte})ra is its body. 
With the excejition of a few cartilaginous fishes, the cartilaginous 
foundation of that body (the notochord having disappeared ear- 
lier or later), has the form of either a ring, or a half ring ; or, 
as is the case among the Mammalia, forms a solid mass, having 
the form of the segment of a cylinder. Subordinate parts of 
the vertebra are the vertebral arches and transverse processes, 
together with the ribs, which all, at tlie time tliey take on a car- 
tilaginous character, appear as rays of the body, though some- 
times they are not develoxicd at all. Only in rare cases {Petro- 
myzon) are vertebral arches developed without vertebral bedic's; 
that part of the investing mass of the notochord which is, in 
other cases, aiiplied to the formation of such bodies, [icquiring 
only a membranous consistency. 

‘‘(5.) From that part of the investing mass of the cejhalic 
part of the notochord, which consists of the anterior part of the 
slieatli of the notochord and its anterior jiaired jirocesses, are 
developed the basi-occipital, the bashsphenoid, and the ethmoid, 
so that the ethmoid is the most anterior 61 the jiarts of the 
skeleton which take their origin from the investing mass of the 
notochord. The basi-occipital is formed in that jiart of this 

T\^rliaj)S 'Nvilli rivro exceptions, as in Ftstvhn’/d Inhacearni. 
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mass Avhich surrounds the (‘ejduilic j^art of the notochord like a 
sheath ; the basi-splieuoid, in that part of it which lies between 
the paired processes (the trahecidse) and the anterior end of the 
notochord ; and the ethmoid (more particularly its body, organs 
lyeyyendicularis)^ in the anterior coalesced part of those two pro- 
cesst's. Tlio body of the presphenoid, on the other hand, is 
formed below the processes in question, rarely between them. 

((h) The parts of the skull just mentioned, however, do not 
ossify in all Vertebrata Mith an osseous skeleton, but one, or 
several, of them sometimes remain cartilaginous, and then grow 
relatively far less than the others, so that they seem to be pushed 
aside and suppressed by the neighbouring bones. This holds 
good especially of the basi-oeeipital of the Batrachia, and of the 
l)nsi-sphenoid of these animals and of osseous Fishes. 

“ (7.) The basi-occipital (or, at least, the substance out of 
which it will become developed) constitutes, originally, like the 
body of a vertebra, a sheath round a part of the notocdiord, and 
the ex-occipitals appear, whilst they chondrify, as outgrowths 
from the basi-occipital part ; just as the aixdies of a vertebra, 
when this is normally developed, appear as outgrowths from its 
already chondrilied body. For the rest, however, the normal 
development of the occipital bone is quite simihrr to that of a 
vertebra, and it therefore may with perfect justi(*e be held to be 
a cephalic vertebra.* The squama oceipitis, which occurs in 
many, but not in all Vertebrata, and which is not always placed 
between, but sometimes lies in front of the ex-occipitals, presents 
jio difficulty in the way of this interpretation; it is an acetissory 
structure, a so-called intercalary bone, the presence of whicli 
depends upon the excessive development of the brain. 

(8.) The two rings, on the other hand, which are formed 
by the two sphenoids, with the parietals and frontals as their in- 
tercalary bones, are no longer constructed upon quite the saim^ 
type as the vertebra. That the alisphenoids and orbito-sphenoids, 
when they arc already chondrified, do not appear to take the 
form of outgrowths of their centres, but are united with them by 
membrane, need not, perhaps, be taken very much into account, 

* The Foramina condyhidea, whicli occur in the ex-occipitals of many Verfe- 
hntia, remind one of the holes of the vertebral arches of the Sliarks. 
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since, in the Ijamproys, the arches of the vertebrae arise inde- 
pendently within the lamellae, which the investing mass of tlie 
notochord has sent ont to embrace tlie central parts of the 
nervous system. Still less weight can be attached to the cir- 
cumstance that not unusually, even when both sphenoidal centra 
are present, only one pair of the corresponding aim appeal’s ; 
while, in other cases, two pair of ate and only one central part 
are present, since the caudal vertebrae of Mammalia usually 
exliibit no traces of arches, and the Lampreys have such arches 
without centra. On the other hand, the circumstance is impor- 
tant that the basi-sphenoid, altliough it arises within the invest- 
ing mass of tlie notochord, is not developed around this (as, so 
far as our present observations go, even the most jiosterior 
caudal vertebrm are), but in front of it, in a process of the 
investing mass; and that the. body of the presphenoid is no 
longer developed, even in a part of this mass (except in a few 
Mammalia), but arises quite independently of it. Hence, the 
two sphenoids no longer agree perfectly with vertebrie in their 
development — the anterior diverging more widely from the ver- 
tebral type than the posteu’ior. 

(!).) Yet the two sphenoids, like the proper vertebra?, still 
embrace segments of the nervous tube (such as is formed by the 
brain and spinal marrow, at any rate in the early stages of 
development), and they constitute, as the vertebra) at first nor- 
mally do, open rings, or rather segments of rings, round that 
tube. The ethmoid, however, at no time surrounds a segment 
of the nervous tube in question ; but, in a few animals only, im- 
perfectly includes, by its hinder part, two ajjterior prolongations 
of that tube, whence the olfactory nerves arise. Its mode of de- 
velopment, and its ultimate form likewise, are of such a character 
that it no longer offers any special resemblance to a typically- 
formed vertebra. Nevertheless, considering that it arises from 
a part of the prolonged investing mass of the notochord — viz., 
from the anterior, early-coalescing parts of the two irabeculee — 
and that its body (the ]^ars jpeiyendicidaris) presents even a cer- 
tain resemblance to the last caudal vertebra) of many Birds and 
osseous Fishes, it may well be considered to be a modified vertebra. 
We may look at it, in short, as the representative of only the 
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body of i\ vertebra — sucli as normally each caudal vertebra of a 
jVlammal is ; and that from this, for the purpose of investing the 
olfiaetory apparatuses, whicli arc developed at its sides, lamellar 
processes grow out, which are altogether peculiar to it. In any 
case, liowcver, the ethmoid maybe regarded as the anterior end 
of the vertebral column. 

(10.) From wliat lias been stated, it appears that the four 
different groups of bones — tla^ occipital, witli its intercalary 
bone, the squama ; the basi-sphcnoid, witli its intercalary bone, 
the parietals ; the presphenoid, with its intercalary bones, the 
frontals; and the ethmoid, together witli its outgrowths, the 
spongy bones and the cribriform plate — exhibit in their succes- 
sive order from behind forwards, a greater and greater deviation 
from the plan ac(‘ording to which ordinary vertebrm are deve- 
loped, so that the occipital bone is most like a vertebra, while 
the ethmoid is least like one. 

^^(11.) Among the bones of tlic face, the premaxillm, the 
nasal bones, and the vomer are developed altogether indepen- 
dently of the investing mass of the notochord ; and they never 
coalesce Avith ]>arts of the skeleton, which are immediately 
derived from tlie latter. On this account, alone, they cannot be 
regarded as vertebrm, or parts of vertebrm. Furthermore, they 
at no time enclose, or help to enclose, a segment of the central 
nervous system. TIk^ imsal bones and the vomer are, properly 
speaking, ‘ splint-bones ’ {Bdegiintjslcnochen) for the ethmoid, such 
as occur in the verteluTe of no animal ; and the premaxillai ai’e 
applied, although in a different plane, to the one end of the ver- 
tebral column, as, in Fishes, the median rays of the anal fin are 
applied to the other end of it.* Furthermore, the palatine bones 
are developed, together with the pterygoids, in lateral processes, 
or rays, wdiich have grown out from the middle part of tlie base 
of the brain-capsule, and which, as regards their original form, 
disposition, and connections, resemble the ribs, and may be 
regarded as a pair of ribs united with the brain-case. In Main- 
malia the two mallei are developed in these two rays, and 

* The study of Lie dcvolopmuTit of the skull necessitates the assumption tliat- 
Sturgeons, Shtuks, and Rays have no premaxillro, and that tlioir skulls end ante- 
riorly witli the ethnioid cartilage. 
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perliaps tlie quadrate bones of many other Vertebrata in a part 
of them. Around tlicm, however, is developed, in animals 
providcid wjth an osseous skeleton, a coating of bony plates, 
which becomes metamorphosed into the lower jaw. 

'' At the outer side of those parts, moreover, in which the 
pterygoid and palatine bones arise — or, in other words, along- 
side the processes of the ‘ rays —a substance arises, whence the 
upper maxilla and the malar bone are developed. 

•‘The upper maxilla and malar bone therefore might be 
regarded, like the lower maxilla, as splint bones or rib-like 
bones (which, however, do not occur in connection with true 
ribs), but not as parts of the vertebra itself.* The lachrymal 
bone, lastly, only fills up a gap between other bones of the face, 
and therefore, if analogies must be discovered, can only be 
j*egarded as an intercalary bone. 

“(12.) The auditory capsules and the petrosal bones, which 
are developed out of them hi many animals, may, in respect 
of their place and origin, bo most llttingly com})ared with those 
intercalary bones which occur in Sharks and Sturgeons, between 
the andies of the vertebne ; but, in respect of their form, take a 
different course from these. And since those intercalary pieces 
can hardly be considered to be parts of A crtebrm, the auditory 
capsules cannot be regarded as such.” 

Vogt and Agassiz, resting upon embryological observations 
which entirely conlirmed those of Kathke, carry out the argu- 
ment suggested by the latter more rigorously. 

“It has therefore become my distinct persuasion (says Vogt) 
that the occipital vertebra is indeed a true vm-tebra, but that 
evervthing which lies before it is not fashioned upon the verte- 
brate type at all, and that all efforts to interpret it in such 
a way are vain ; that therefore, if we except that vertebra 
(occipital) which ends the spinal column anteriorly, tliere are no 
cranial vertebrm at all.” t 

* In tljo Chelonia and a few Mammalia bony eloinents occur, which cover the 
ribs and, in the lirst-mentioned auiinali?, even beconio m died with the ribs ; tliey uro 
develoj:>ed, liowover, in the integument, and belong to the integumentary skeleton, 
and not to tlio nervous skeleten, so that they need nut he considered here, 
t “ Eiitwickelungs-Gescldchte der (leburtslitdhr Kroto.” — P. TOO. 1812, 
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But the further investigations of embryologists have demon- 
strated that the occipital segment of the skull is, developmentally, 
as difterent from a vertebra as all the rest, seeing that, as 
Eemak has more* fully proved than any other observer, the 
segmentation into urvvirbel,” or proto-vertebrse, which is 
characteristic of the vertebral column, stops at the occipital 
margin of the skull — the base of which, before ossification, 
presents no trace of that segmentation which occurs throughout 
the vertebral column. By this third great step the vertebral 
hypothesis of the skull seems to mo to be altogether abolished ; 
even though Professor Goodsir, whose thorough acquaintance 
with embryology gives his opinions on these subjects great 
weight, has endeavoured, in liis learned an d-^ ingenious essays, 
to combine the facts of development with that hypothesis. 

IV. A fourth line of investigation, not bearing so directly 
upon the vertebral liypothesis, but still of gi’eat moment, was 
opened up by the observations of Arendt on the persistent 
cartilaginous cranium of the Pike,"*^ and by the subsequent 
investigations of Von Bar, of Duges, of lleichert, of Agassiz, of 
Jacobson, Sharpey, Spondli, and Kolliker, and all the discussions 
which have taken place on tlie ^‘primordial cranium ” question. 
The problems attempted to be solved by these inquiries are — 
Is tliere a clear line of demarcation between membrane bones 
and cartilage bones? Arc certain bones always developed 
primarily from cartilage, while certain others as constantly 
originate in membrane ? And further, if a membrane bone is 
found in the ])osition ordinarily occupied by a cartilage bone, is 
it to be regarded merely as the analogue, and not as the 
homologiie, of the latter ? In other words, is liistological de- 
velopment as complete a test of homology as morphological 
development ? 

At present the course of investigation appears to me to tend 
towards giving an affirmative answer to these questions ; but 
much and careful observation is yet needed. 

* “ Do Cnpitis Onsei Esocls Lucii Structura Singulari.’^ 1822. Nesbitt, how- 
ever, appears to have tx^en the first to direct utteutioii to the difference between 
membrane bones and cartilage bones. 
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Having conclnclod this rapid historical sketch of 'the gi'adual 
growth of the true theory of the skull, it may be well if I state, 
in a brief summary, what I conceive to be the^ present condition 
of our knowledge respecting its structure and development : — 

L All crania result from the modification of the anterior 
part of that primitive groove ” of the embryo, the posterior 
part of which gives rise to the vertebral column ; and, at the 
very first, there is no discernible difference between that part of 
the groove which wiil give rise to the vertebral column, and that 
from which the skull -will be produced. 

2. The first changes which take place, in both the cranial 
and the spinal regions of the primitive groove, are also pre- 
cisely similar, the dorsal laminm growing up and uniting 
together in the middle line, so as to enclose a cavity which is, 
on the one hand, the primordial brain-case, and, on the other, 
the primordial spinal canal. So far, a unity of organization may 
be predicated of both brain-case and spinal canal ; but the brain- 
case is not yet a skull, nor the spinal canal a vertebral column. 

3. Beyond this point, the course of development of the 
cranial region differs absolutely from that of the spinal region. 
In the latter, that liistological differentiation takes place which 
results in the formation of the proto-vertebrm, while in the 
skull no such process occurs. Again, the notochord extends 
throughout the whole length of the spinal column ; while, as 
soon as the skull is distinguishable, as such, the notochord 
ceases to extend beyond the middle of its floor, stopping im- 
mediately behind that part which lodges the pituitary fossa.* 

4. Furthermore, when chondrification takes place in the 
spinal column, se])arate masses of cartilage are developed in 
each proto-vertebra ; but, when chondrification commences 
in the base of the skull, it gives rise to a continuous bpdy of 
cartilage, which never exhibits any trace of transverse division, 
or segmentation ; but is always divided under the pituitary body 
into two longitudinally-arranged crura, the trabeeiilse craniir 

5. Hence it follows that, though the pnmordial brain-case 
and the primordial spinal canal are identical in general plan of 
construction, the two begin to diverge as soon as the one puts 

* Amphioxiis forms an exception, probably only apparent, to this generalization. 
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on the special characters of a skull, and the other those of a ver- 
tebral column ; the latter taking one road, while the skull takes 
another. The skull is no more a moditied vertebral column 
than the vertebral column is a modified skull ; but the two are 
essentially separate and distinct modifications of one and the 
same structure, the primitive groove. 

6. Tlie skull, having assumed its special and distinctive 
characters, may pass through three successive states — the mem- 
branous, the cartilaginous, and the osseous — in the course of 
its development ; and the order in which these states succeed 
one another is always the same, so that the osseous skull has 
a cartilaginous, and the cartilaginous, a membranous, pre- 
decessor. Nor does any one of these states ever completely 
obliterate its predecessor; more or less cartilage and mem- 
brane entering into the composition of the most completely 
ossified skull, and more or less membrane being discoverable in 
the most compbd.ely cliondrified skull. 

7. Tiie adult skull may, how^ever, liave got no further than 
one of these states. In the Aynpliioxus, tlie skull (if skull it 
can be called) is iiKunbranous. .In many Fishes, as we have 
seen, it is cartilaginous, with, at most, a superficial conversion 
into bone. In the rest of the Vertehrata definite bones are 
added, to the more or less complete exclusion of the cartilaginous 
cranium. 

cS. AMien definite cranial bones are developed, they arise in 
one of two ways, either in the substance of the cartilaginous 
cranium, as ^‘cartilage bones,” or in the perichondriiijm, or 
remains of the membranous cranium, as membrane bones.” 
It is highly probable that, throughout the vertebrate series, 
certain bones are always, in origin, cartilage bones, while certain 
others are always, in origin, membrane bones. 

9. With tlie exception of three sets of sensory 

organs — olfactory, optic, and auditory — are evolved in the 
walls of the skull of eveiy vertebrate animal, and they are 
disposed, from before backwards, in the order in which they are 
named. All tlic?se sensory organs are originally developed in 
connection with involutions of the integument, which, in the 
case of the olfadory organ, remain open, but, in that of the eye 
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and ear, become shut. Each sensory apparatus is, throughout 
the Vertebrate series, related to the same nerves : the olfactory 
being supplied by the lirst pair ; the optic, by the second ; the 
auditory, by the portio mollis of the seventh ; while the fifth 
pair leaves the skull in front of the auditory capsule, and the 
eiglith pair behind it. I^hese relations of the cranial nerves to 
the sensory organs, and consequently to the cranial walls, are 
established antecedently to chondrification, and a fortiori to 
ossification ; so that the cranial nerves and the sensory organs 
serve as fixed points by which tlie nature of the various ossifica- 
tions can be determined. 

10. By the help of these landmarks, chiefly, it has been 
possible to identify the bones known as basi-occipital, ex- 
occipitals, supra-occipital ; basi-sphenoid, alisphcnoids, parietals ; 
pr(.iS])henoid, orbito-sphenoids, frontals ; or, in other words, the 
constituents of the walls of the brain-case, throughout the whole 
series — from the Pike to Man. And it is found that these 
bones, when they all occur together, are so disposed as to form 
three, originally distinct, segments. 

].l. liocourse to long-established, but frequently-forgotten 
facts in the history of the development of the so-called pars 
petrosa^' and pars masioideaf or periotic bone, of the human 
skull, has shown that these parts ossify from three centres, 
Avhich have hitherto received no names, and which 1 have 
termed the pro- otic,” opisthotic,” and epiotic ” bones. It 
has been oiu^ of the principal objects I have had in view to 
prove, by paying careful attention to the relations of these 
osseous elements, on the one hajul to the nerves, and on the 
other to the parts of tlie auditory organ which they enclose, 
that they arc very generally represented, sometimes in a dis- 
tinct form, and sometimes coalesced witli one another, or with 
other bones, throughout the series of skulls provided with car- 
tilage bones; and that the pro-otic, especially," is one of the 
most constant and easily-identifiable bones throughout tlie series 
of vertebrate skulls. 

12. The eye is not invested by any cartilaginous or osseous 
elements of the cranial wall ; but the olfactory sacs become 
more or less enclosed in a capsule, formed partly by a median 
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cartilaginous plate, which results from the coalescence and out- 
growth, beyond the boundaries of the brain-case, of the trdbeculie 
eranii ; partly, by outgrowths from the superior and inferior 
edges of that plate ; and partly, by a prolongation outwards 
of the front })art of the outer wall of the braiivcase, into an 
antorbital process, between the orbit and the nasal sac, on each 
side. Cartilage bone developed in the septum gives rise to the 
etlimoid ; in the antorbital processes, to the prefrontals ; in the 
superior, or inferior, lateral prolongations of the side Avails, to 
the tiirbinal bones. ]\lembrane bones developed upon the roof 
of these olfactory capsules give rise to nasals ; beneath the 
septum, to vomers. 

13. The ethmoid and its dependencies are developed within 
the median fronto-nasal process, which grows out from the 
front wall of the embryonic skull, between the rudimenhiry 
nasal sacs ; and the inferior, broad, free edge of which bounds 
the mouth. It is in this free edge that the jAremaxillm arc 
developed, and they are, at first, perfectly distinct from the 
maxillm. The latter, together Avith the palatine and j^terygoid 
bones, are formed Avithin the maxillary processes, which bound 
the sides of the primitive oral cavity, and run, parallel Avith one 
another, along the base of tliafore-part of the embryonic cranium, 
uniting, behind, Avith the first visceral arch, but being, at first, 
completely separated, anteriorly, from the fronto-nasal process. 
Clearly tlierefore, if the })remaxilloe and maxillm, &c., are to bo 
regarded as constituents of inferior arches of the skull, they are 
not parts of one arch, but ol\ at least, two distinct arches. 

14. Of the first and second visceral arches, Avhich lie imme- 
diately behind the mouth, the former, wliich gives rise to the 
mandible and quadrate bone, passes into the skull under the 
front part of the auditory capsule ; while the root of the latter, 
ill Avhich a greater or smaller part of the hyoidean apparatus is 
developed, underlies the hinder part of that capsule. It is 
therefore impossible that the mandibular and hyoidean arches 
should be dependencies of any other parts of the skull than 
those whicli lie immediately in front of, or behind, the auditory 
capsules; and in the completely ossified skull we never, as a 
matter of fact, meet yvith these arches in any other position. 
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15. There is not a shadow of evidence that tlio iiiandibnlar 
and hyoidean arches suffer any shifting of position from before 
backwards, in the course of tlieir developmeiit ; but the extre- 
mities of those arches which are attached to the skull undergo 
very singular metamorphoses, tlie effect of whicli is, that the 
dentary part of the mandible is brought into closer connection 
with the skull the higher we ascend in the Vertebrate series. 
Thus, in the Fish it is separated from the skull by the hyomaii- 
dibular, quadrate, and articular bones ; in the Reptile by the 
quadrate and articular ; while in the Mammal the quadrate 
and the articular are metamorphosed into the incus and the 
malleus, and the dentary comes cloSe to the skull, articulating 
with the squamosal. 

These are, I believe, the most important facts regarding the 
structure and development of the skull, which may now be 
regarded as well estaldishhd. If we inquire how they bear 
upon theories of the skull, it will be obvious that they ])lacc the 
doctrine of the unity of organization of the vertebrate skull 
upon a perfectly sure and stable footing, while they appear to. 
me, as clearly, to negative the hypothesis that the skull is, in 
any sense, a modification of vertebrsQ. 

But though the filvull has not a vertebral structure, and in 
its ra(.‘mbranous and cartilaginous states is not even segmented, 
it assumes a very definite segmentation in its completely ossified 
state. 

In every well-ossilied cranium there is, assuredly, an occipital 
segment (‘^Ear Vertebra ” of Oken), formed by the basi-occipital, 
ex-occipitals, and supra-occipital ; a parietal segment (‘Slaw 
Vertebra” of Oken), constituted by the basi-sphenoid, alisphe- 
noid, and parietals; a frontal segment (^^Eyo Vertebra” of 
Ohen), composed of the presphenoid, orbito-sphenoids, and 
frontals ; and a nasal segment Nasal Vertebra ” of Oken), 
formed by the ethmoid, prefrontals, turbinals, nasals, and 
vomer. 

Leave out the hypothetical considerations that these seg- 
ments are ef|uivalent ^to one another, and that they are homo- 
logous with vertebra), and Oken’s expression; of the broad facts 
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of the structure of the completely ossified brain-case is, I believe, 
the best that has yet been given. Nay, we may go further with 
liim, and look on the periotic bones as no part of the proper 
cranial wall, but as special developments witli in the otic capsule. 
But here we must stop, for neither anatomy nor development 
are reconcilable with the notions of the Okcnian school respect- 
ing the limbs of the head Cams suggested, from tlie Okenian 
point of view, that the premaxillae and maxillm must be ce})halic 
ribs, and not cephalk* limbs; but Eathke was the first to 
demonstrate that the inferior arches of the skull must be con- 
sidered, if they are homoWous \Yith anything in the trunk, to 
paiiake of the nature of rifk rather than of that of limbs. But 
the confusion between analogy and affinity has led to such 
grave errors in the interpretation of the upper arches of the 
skull, that we must be upon our guard against running into 
similar mistakes with respect to the lo\^er arclies. 

It is easy enough to enumerate four inferior arches to^ the 
skull, just as there are four superior arcl)cs — the j)remaxilla) 
forming the first of these arches; the palato-pteiygoid and 
maxillary apparatus, the second ; the mandible, with its sus- 
pensoriurn, the third; the hyoidean arch, the fourth: and it 
might be plausibly enough represented that the first of these is 
united with the nasal segment of the skull, the second with the 
frontal segment ; wliile the third and fourth, being connected 
respectively with tlio anterior and the posterior parts of the 
periotic capsule^ might be fairly cojisidered to belong to the 
parietal and occipital segments. 

But do tliey really belong to those segments ? and if so, 
why do they not remain attached to them ? What relation 
have the branchial arches to the skull, again ? It is hard to 
see in wffiat morphological ehameter the first branchial arch of 
a fish differs from its hyoidean arch ; and if so, is it an arch of 
the skull, or an arch of the vertebral column ? What, further- 
more, are the original connections of the palato-pterygoid ai’ch? 
Does it grow out of the mandibular arch from behind forwards, 
as Eathke seems to think ; or has it, primitively, that connection 
with the prefrontal' region which is so constant a character of 
the palatine bone ? 
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These questions must be answered before the theory of the 
lower arches of the skull can be placed upon as satisfactory a 
footing as that of the upper arches ; and they can be answered 
*ordy by the embryologist, who may be eMonraged to the 
difficult task by reflecting on what he has11one^|tlready ; though 
keeping in view the adage of the Roman, and 

“NjI .lotum roputans si quid superossot agendum. 
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